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A b s tra c t
This research  w as designed to achieve two goals: (1) exam ine 
concep t developm ent and  retention within the  learning cycle and  (2) 
exam ine how studen ts’ concept developm ent is m ediated by 
c lassroom  d iscussions and the  s tuden ts’ sm all cooperative learning 
group. Forty-eight sixth-grade studen ts and one  teach e r a t  an urban 
middle school participated in the study. The research  utilized both 
quantitative  and  qualitative analyses. Q uantitative a s se s s m e n ts  
included a  concept mapping technique a s  well a s  teach er genera ted  
multiple choice te s ts . Preliminary quantitative analysis found tha t 
s tu d e n ts’ reading levels had an effect on s tu d en ts’ p re test sc o re s  in 
both th e  concept m apping and the multiple-choice a sse ssm en t. 
T herefore , a  covariant design w as im plem ented for th e  quantitative 
a n a ly se s .
Quantitative analysis techniques were u sed  to exam ine concept 
developm ent and  retention, it w as discovered th a t the  s tu d en ts’ 
concep t knowledge increased  significantly from th e  tim e of the  
conclusion of the  term  introduction p h ase  to th e  conclusion of the  
expansion  p h ase . T h ese  findings would indicate that all th ree  p h a se s
of th e  learning cycle are  n ecessa ry  for conceptual developm ent. 
However, quantitative analyses of concept m aps indicated th a t this 
is not true for all students. Individual students show ed evidence of 
concept developm ent and integration at each  phase. Therefore, 
concep t developm ent is individualized and all p h a se s  of the  learning 
cycle a re  not necessary  for all studen ts. As a  result, individual’s  
assim ilation, disequilibration, accom m odation and  organization  may 
not correlate with the  p h a ses  of th e  learning cycle. Quantitative 
analy sis  also  indicated a  significant d e c rea se  in th e  retention of 
co n cep ts  over time.
Qualitative analyses w as u sed  to  exam ine how stu d en ts’ 
concept developm ent is m ediated by classroom  d iscussions and  the  
s tu d e n ts ’ small cooperative learning group. It w as d iscovered tha t 
th e re  w as a  correlation betw een teacher-studen t interaction and 
sm all-group interaction and concept mediation. T herefore, s tu d en ts  
who had a  high level of teacher-studen t dialogue which utilized 
te a c h e r  led d iscussions with in tegrated  scaffolding techn iques 
w here the  sam e  students who m ediated th e  ideas within th e  small 
group d iscussions. T hose studen ts w hose teacher-studen t 
in teractions consisted  of d ialogue with little positive te a c h e r
x i
feedback  m ade no contributions within the sm all group reg ard less  of 
their level of concept developm ent.
X I I
CHAPTER 1 
INTTRODUCnON
In th e  past decade, science educators have begun to shift from 
an em phasis on factual knowledge to an em phasis on the  p ro cesses  
involved in how a  student constructs knowledge (Tobin & Espinet, 
1989; Tobin, Espinet, Byrd & Adams, 1988; Tobin & G allagher, 1987). 
As a  consequence  of this shift, research  h as  begun to focus on 
learners ' conceptual developm ent and organization (Tobin, T ippens, 
Gaiiard, 1994). However, in order to fully understand lea rn ers’ 
conceptual developm ent and organization, s tu d en ts ' in teractions 
with their learning environm ent which m ay influence th e s e  
p ro cesses  should be an  important research  consideration.
The nature  of a  laboratory-based sc ience  classroom , including 
th e  s tu d e n ts’ interactive role with the  whole c lass, a  cooperative 
learning laboratory group, and the  classroom  teacher, a s  well a s  the  
s tu d en ts’ concrete  experience with an experim ental procedure, 
provides an  ideal opportunity for this type of research . How th e se  
classroom  d iscussions, collaborative cooperative learning groups, 
and te a c h e r  interactions may influence and m ediate the  s tu d e n ts’ 
conceptual developm ent and organization is a  significant resea rch
area . T hese  interactions should be further studied  in order to better 
understand  how a  student develops science  concepts within the 
classroom . Therefore, cooperative learning and its various 
com ponents of collaborative and  mediating roles have becom e 
significant fac to rs in sc ience  education research  (Anderson, 1994; 
Kelly & Crawford, 1996; Richmond & Striley, 1996; Roth, 1996).
Considering the im portance of the  th e se  collaborative and 
m ediating ro les in sc ience classroom s, it is surprising tha t m ore is 
not known about these  p rocesses . Tobin, Tippins, and Gallard (1994) 
pointed out th a t a  review of th e  literature found little empirical 
research  on the  teach e r’s mediatory role in cooperative learning, the 
roles of negotiation and co n sen su s building in th e  collaborative 
p rocess, or how collaborative learning develops. Tobin (1990) noted 
that, although cooperative learning stud ies in the  sc ience  education 
field abound, the  focus of th ese  studies h as not been  on th e  learning 
p ro cess  itself. Therefore, the  studies th a t a re  m ost needed  involve 
close  exam ination of th e  negotiated p ro cesses , how studen ts  
construct and reconstruct ideas, tes t them  with their peers, and 
transform  them  a s  a  result of negotiation (Tobin, Tippins, and  
Gallard, 1994).
In order to study these  p rocesses , the classroom  organization 
and  teaching  methodology must be  conducive to cooperative learning. 
O ne type of teaching methodology that easily lends itself to this 
type of research  in the field of science is the  learning cycle. The 
learning cycle is com posed of th ree  p h ases  that include: (a) an 
experim ental exploration phase, (b) a  tea ch e r facilitated term  
introduction phase, and (c) an expansion phase. In the  learning cycle 
exploration p h a se  the students are  given th e  opportunity to 
m anipulate m aterials and  observe the  results with te a ch e r 
directions. In the  term  introduction ph ase  th e  tea ch e r Introduces 
the  term s that refer to the  patterns discovered during the  
exploration phase . The last phase, the  expansion p h ase , allows the 
studen t to apply the new term s to additional exam ples.
Many exploration and expansion phase  activities of learning 
cycle investigations a re  conducted by studen ts working in sm all 
groups. S tudents within these  groups a re  required to com m unicate 
with one another, cooperatively conduct experim ents, and gather 
da ta . However, how students use  knowledge from an  investigation to 
negotiate  m eaning in a  collaborative cooperative learning group and 
how they u se  possible alternate concepts to  construct, reconstruct,
and transform  ideas a s  a  result of their group interaction is not 
fully understood . The teacher-facilitated d iscussions during th e  
term  introduction phase  is also an  important com ponent of a  
learning cycle investigation. Yet, little is known about the  te a ch e r’s 
m ediatory role within any of the learning cycle p h ases . The 
questions then  arise: How do the  collaboratively produced conceptual 
understand ings and d iscussions th a t evolve within th e  learning 
cycle 's cooperative learning groups influence the  individual 
s tu d en t’s  conceptual developm ent? How does the  te a c h e r influence 
th e  c lassroom  d iscussions’ mediation of the  s tu d en ts’ concept 
developm ent? Clearly the  constructive p rocesses involved in how a  
child learns throughout the  learning cycle activities and  the  im pact 
of the  social interaction which ta k e s  place within th e s e  activities 
on the  individual's learning p rocess a re  significant resea rch  factors.
S tatem ent of the  Problem 
T his study exam ined how sixth grade studen ts constructed  
sc ien ce  concep ts during a  laboratory-based learning cycle sc ience  
unit. It investigated individual s tuden t’s concepts and  the 
developm ent of th ese  concepts during the th ree  p h a ses  of the 
learning cycle. The study also explored the  mediation of the
stu d en ts ' c lass and small cooperative learning group d iscussion  on 
tha t development.
The research  questions guiding this study were:
1. How do individual student’s  concepts develop over each  of 
th e  th ree  phases of the  learning cycle?
2. How is the  developm ent of individual studen t’s  concep ts 
m ediated by classroom  discussions and th e  s tu d en ts’ small 
cooperative learning group?
3. How stab le  are  the individual studen t’s  concepts over tim e?
CHAPTER 2 
REVIEW OF THE LITERATURE 
In 1991 the  Secretary of Education and the  P resident of the  
United S ta tes  announced “AMERICA 2000: An Education S trategy” as 
a  long-range plan for the  American people. O ne of th e  plan’s  major 
goals is that American students will be  first in the  world in sc ience  
achievem ent by the  year 2000. In order to a s s e s s  student progress 
th e  plan suggested  changes in the National A ssessm ent Program . 
T h ese  ch an g es included the implementation of the  American 
A chievem ent T es ts  (Alexander, 1991). T hese te s ts  a re  based  on the 
World C lass S tandards (Alexander, 1991) which rep resen t what 
young Am ericans need  to  know and be able to do to be successfu l in 
today’s  world. T h ese  te s ts  are  currently adm inistered on a  
voluntary basis in the  fourth, fifth, and  twelfth g rad es.
This goal, that U.S. students be first in sc ience  achievem ent, 
h a s  p laced  new challenges on science educators. Science educators 
have therefore begun to undergo what Kuhn (1962) referred to a s  a  
paradigm  shift. This shift has resulted in a  change from an 
em phasis  on empirical knowledge a s  se en  in traditional c lassroom s 
to an em phasis on the p rocesses involved in how the student
constructs knowledge. This paradigm shift h as  resulted in a  quest 
for re sea rch  im bedded in constructivist theory th a t investigates the  
p ro c e sse s  involved in concept development. In order to thoroughly 
understand  th e  background for this study, the  following literature 
review  p resen ts  th e  study 's theoretical fram ework and a  d iscussion  
of th e  learning cycle, cooperative learning, concept developm ent, and 
concep t mapping.
Theoretical Fram ew ork 
Constructivism  is a  theory that a ssu m es knowledge is a  
construction  of reality (Tobin, 1989). “Constructivist theo ries 
su g g e s t that meaningful learning requires a  personal restructuring 
of one’s  conceptual framework in a  dynamic p rocess punctuated by 
periods of conceptual equilibration, experience, disequilibration, 
assim ilation, accom m odation, and  reequilibration” (Shym ansky et 
al., 1997, p. 571). The fundamental com ponent of the  constructivist 
theory  is tha t children learn by actively constructing their own 
knowledge. This is accomplished by comparing new information 
with their prior understanding, and using all of this da ta  to work 
through d iscrepancies and come to a  new understanding (Martin, 
Sexton, W agner, & Gerlovich, 1994). Constructivists a lso  believe
th a t understanding, synthesis, eventual application, and  th e  ability 
to  u se  information in new situations should be the true goals for 
education (Yager, 1991).
Im portant a sp ec ts  of the  constructivist epistem ology are  
b a sed  on the  theories of Lev Vygotsky (W andersee, Mintzes, & Novak, 
1994). Vygotsky’s  ideas are  central to contem porary efforts to 
analyze th e  human mind in term s that consider the  contributions of 
th e  social interactions among individuals a s  well a s  society a s  a  
whole (Bredo & McDermott, 1992). Vygotsky believed th e re  were 
four a sp ec ts  to an individual’s  development: (a) p h y logene tic  or the 
evolutionary genetic developm ent of the  species; (b) so c iocu ltu ra l or 
th e  historical cultural legacy su ch  a s  literacy or cultural norm; (c) 
o n to g e n e tic  or changes in thinking ac ro ss  a  person’s  lifetime; (d) and 
m ic ro o en e tic  or the  moment to  moment leaming by an individual. In 
th is theory the  roles of the social world and the  individual are  
solidly intertwined and a child’s  cognitive developm ent m ust be 
understood not only in the context of social interaction but also 
with the  socio-historically developed tools, such a s  language, 
va lues, and  norm s that m ediate intellectual activity (Rogoff, 1990). 
According to Vygotsky’s developm ental theory this socio-historical
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context is learned  by th e  individual through interaction with other, 
m ore capable  m em bers of society.
A primary focus of Vygotsky’s  research  is the  zone of proximal 
d e v e lo p m e n t . Vygotsky (1978) theorized that th e  first level of 
developm ent, th e  actual level, is already estab lished  within th e  
child b e c a u se  of previously completed developm ental cycles.
Vygotsky also  advocated the  existence of a  second  level, the zo n e  of 
proximal developm ent, which he defines a s  the  “T he distance 
betw een th e  actual developm ental level a s  determ ined by 
independen t problem solving and the  level of potential developm ent 
a s  determ ined through problem solving under adult guidance o r in 
collaboration with m ore capable peers” (Vygotsky, 1978 p. 88).
It w as th is a sp ec t of Vygotsky’s  theory, th e  zone of proximal 
developm ent, which Wood, Bruner, and Ross (1976) used  a s  a  basis 
for the developm ent of a  process they term ed scaffo ld in g .
Scaffolding occurs when a  student who is not independently capable  
is aided by a  m ore capable person to construct an extension from an 
existing conceptual framework (Appleton, 1997). R esearch  
(Cam pione, Brown, Ferrrara, & Bryant, 1984) h as focuesed  on this 
point by using several children of various ages, all who tes ted  at a
seven  y ear m ental developm ent level. R esults indicated that th ere  
w as significant difference in their n eed  for a ss is tan ce  from a  more 
capable person in order to learn a  sorting task  and an  even  g rea ter 
difference in the ir ability to transfer that knowledge to  new 
situations. Their study supported Vygotsky’s  stand  th a t I.Q. Is only 
one a sp ec t of a  child’s  ability to learn. It w as Vygotsky’s  belief in 
th e  contribution of social interaction to the  learner’s  cognitive 
developm ent tha t h a s  becom e a pivotal a sp ec t of constructivist 
theory.
Additional com ponents of constructivism  have em erged  from 
the  theories of J e a n  Piaget. According to P iaget (1964), th e  central 
problem of intellectual developm ent is to understand  the  formation, 
elaboration, organization, and functioning of th e  operational 
structures that constitute the basis of knowledge. In o rder to  be tter 
explain th e s e  operational structures P iaget developed his 
developm ental theories based  on what he described a s  the  Mental 
Functioning Model (Piaget, 1952). P iaget’s  Mental Functioning Model 
se e k s  to explain the  aspec t of intellectual developm ent that deals  
with the  invariant a spec t of leam ing. The invariant side  of learning 
is that portion of learning which tak es place within the  mind of the
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learner. P iaget’s  first general principle of m ental functioning is 
adaptation. Adaptation may be considered in term s of the  two 
com plem entary p ro cesses of assimilation and accom m odation. For 
learning to begin, P iaget felt the learner must engage  in activities 
that act a s  a  stimulus to the  brain. This stimulus is then 
“assim ila ted” a s  th e  learner utilizes the  stim ulus and incorporates 
it into his own psychological structures. If, however, th e  
information taken in does not match the  current thinking of the  
learner, a  tem porary im balance occurs, an event Piaget referred to 
a s  disequilibrium. Piaget believed that disequilibrium, or cognitive 
conflict, is necessa ry  for cognitive developm ent to occur and  
equilibration is a  n ecessa ry  function of hom eostasis for th e  learner. 
Cognitive developm ent is a  process of attaining equilibrium betw een 
external intrusions and previous thought and is therefore a  
transitional s tag e  betw een assimilation and accom m odation. O nce 
equilibrium has been  attained and accomm odation has occurred, that 
is, the learner has modified his psychological structures to  m eet the  
stim ulus, adaptation h as taken place.
T he second  general principle of mental functioning is 
organization Piaget believed that the learner has the  tendency  to
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organ ize  and  in teg rate  psychological struc tu res into coheren t 
sy stem s. This organization acts a s  a  framework onto which the 
incoming senso ry  da ta  can fit. It is a  fram ework that is continually 
changing its sh a p e  a s  assimilation, equilibration, and 
accom m odation ta k e s  place. It is P iaget’s  notions of assim ilation, 
disequilibrium  and  accom m odation, rather than  his developm ental 
em phasis , tha t is particularly applicable to this research .
Although both Piaget and Vygotsky placed significant 
im portance on the  interrelationship of the  individual and the  
environm ent, they  differed in the  importance they  placed on the  role 
of the  social world in their theories. Piaget did not deny the 
im portance of social interaction but, without a  m ore significant 
d iscussion  of th e  role of cultural transm ission of knowledge, his 
explanations p lace considerable dem ands on the  abilities of the  
individual child and  imply a  universal se t  of cognitive categories of 
thought and developm ent (Confrey, 1991). However, if one looks 
closely a t P iaget’s  writings it can be seen  that he  realized the  
im portance of social interaction. P iaget’s (1952) developm ental 
theory s ta ted  tha t the  learner’s  genetic m ake-up and his or her 
environm ent a re  mutually important to cognitive developm ent: “The
1 2
organism  and  th e  environm ent form an  indissoluble entity . . .  the  
two being inseparab le  from each other" (p. 16). P iaget (1977) a lso  
believed tha t the  principal com ponent of society w as not the  
individual o r the  collection of individuals but w as in stead  the  
relationship betw een individuals, a  relationship tha t h e  believed 
endlessly  modified th e  consciousness of the  individual. P iaget 
pondered w hether a  child's logic w as a  social thing and  in what 
s e n se  it w a s  a  social thing. This w as a  point tha t he  referred to  
when he said, “I have been bothered by . . .  I have sought to put it 
aside , it h a s  alw ays returned” (Piaget, 1977, p. 204). T herefore, 
P iaget realized social interaction w as an asp ec t of developm ent; 
how ever he  did not direct his research  to the influences of social 
factors. P iaget instead  focused  on the  involvement of th e  child a s  
an  individual and  how his experiences with ob jects affected  his 
perception. In contrast, Vygotsky placed the role of social 
in teractions at th e  forefront of his theories.
W hen one considers the  theories of Piaget and Vygotsky, the  
em phasis on th e  constructivist view of learning can  easily  be seen . 
Still, th e  practitioner m ust consider how to tran sla te  th e s e  theories 
into classroom  practice. The type of methodology to u se  in order to
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exped ite  the  learner’s  conceptual reorganization is of the  utm ost 
im portance. R esearch  h as  shown that techniques such as  
cooperative learning can be effective tool in this endeavor.
However, the  utilization of th ese  techniques within th e  laboratory- 
b a sed  learning cycle framework is yet to be thoroughly investigated.
The Learning Cycle 
T he learning cycle is a  teaching methodology based  on Piaget’s 
m odel of intellectual developm ent (Karplus & Thier, 1967; R enner & 
Marek, 1988). The three p h ases  of the  learning cycle, exploration, 
term  introduction, and  expansion, were developed to  correspond  with 
th e  assim ilation, accom m odation, and organization principles of 
P iaget's  mental functioning model (Lawson, Abraham , & Renner,
1989). During th e  student-centered exploration p h ase  the  learner is 
provided with laboratory-based  activities to stim ulate  th e  brain and 
encou rage  assim ilation and  disequilibrium a s  described  by Piaget. 
During the term  introduction phase  of the  learning cycle th e  learner 
ga thers, d iscusses, and organizes the data  ga thered  in the  
exploration p h ase  and  is introduced to applicable terminology. The 
term  introduction p h a se  allows for P iaget’s  principles of 
accom m odation of the  new concept by the  learner and the  learner
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begins to organize the  concept into his psychological structures. In 
the  last phase  of the  learning cycle, the expansion phase, the learner 
is encouraged  to apply the newly developed concept in different 
situations and thus reinforce and expand what Piaget described a s  
the learner’s  organizational framework. T he learning cycle provides 
experience, social interaction, and disequilibrium for the learner, 
th ree  of the  four com ponents Piaget felt w ere necessary  for the  
promotion of intellectual development.
Although the learning cycle w as based  on Piagetian theory, the 
learning cycle’s  teacher-led  term introduction p h ase  and the  
cooperative grouping utilized within the  m ethodology both contain 
a sp e c ts  that relate  to  Vygotsky’s  socio-historical view of learning.
It is important to consider that researchers  have reported th a t the  
type of teaching methodology used affects the  opportunity for 
Vygotskyian based  verbal scaffolding by tea ch e r with student and  
studen t with student to occur (Appleton, 1997). Consequently, 
research  in this a rea  m ust use  an applicable teaching methodology. 
The learning cycle provides a framework for both of th ese  types of 
scaffolding to occur.
The effectiveness of the learning cycle methodology in various
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a sp ec ts  of learning has been  well docum ented. In a  study of 
procedural acquisition done by Eaton (1974), 65 upper elem entary  
s tu d en ts  w ere u sed  a s  an  experimental group taught by learning 
cycle m ethodology and com pared to a  control group of 55 studen ts 
taught by conventional m ethods. It w as reported th a t learning cycle 
b a sed  instruction resulted in g rea te r achievem ent in th e  elem entary  
school s tu d e n ts’ abilities to utilize science  p ro cesses  such  a s  
o b se rv a tio n , classification, m easuring , experim entation , 
interpretation and prediction than  th o se  studen ts  taugh t with non- 
learning cycle m ethods. Additional studies by Brown, W eber, and 
R enner (1975) and Lawson and Snitgen (1982) have reported similar 
findings.
Another study by Saunders and Shepardson (1987) w as 
conducted  with 115 sixth grade studen ts. The study found th a t the  
s tu d e n ts  taught with the learning cycle approach show ed a  g rea ter 
p e rcen tag e  gain from the concrete to the  formal s ta g e  of reasoning 
than  s tu d en ts  taught using a  conventional textbook-based 
instructional methodology when m easured  by Lawson’s  C lassroom  
T est of Scientific Reasoning. It w as also reported in the  sa m e  study 
tha t th o se  studen ts taught using learning cycle m ethodology show ed
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g rea te r sc ience  achievem ent w hen m easured  by tea ch e r m ade te s ts  
covering the  studied units.
Furtherm ore, two different reviews of the  resea rch  done on 
th e  learning cycle since it’s  origination by Tobin, T ippins, and  
Gallard, (1994) and Lawson, Abraham and  R enner (1989) reported 
that s tud ies had found that th e  learning cycle w as a  p ro cess  that 
facilitates conceptual change. T hese  reviews included a  study done 
by Schneider and R enner (1980) which found that 9th g rade concrete 
s tu d e n ts  taugh t with learning cycle m ethodology show ed 
significantly g rea ter gains in concept knowledge than  th o se  studen ts 
taugh t by formal or lectured-based  instruction when m easu red  by a  
written te s t. A m eta-analysis of research  testing  th e  su c c e s s  of 
th e  learning cycle and its m odifications in affecting conceptual 
change  a lso  provided support for the  learning cycle approach 
(Fuzzetti, Snyder, G lass & G am as, 1993).
Many of the exploration and expansion p h ase  activities in the 
learning cycle a re  conducted by studen ts working in small groups. 
C onsequently , s tuden ts a re  required to com m unicate with one 
ano ther and  cooperate  to conduct experim ents and ga ther data. 
Unfortunately, very little research  h as  been  done on the  im pact the
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sm all groups m ay have on the  Individual learner within the  learning 
cycle framework. Related research  done by Lawrenz and Munch 
(1984, 1985) found hom ogeneous ability grouping to be the  b est in 
term s of student gains in content achievem ent when com pared to 
he te rogeneous ability groups or student chosen  groups. Their results 
seem  to imply that students using learning cycle m ethodology learn  
b est w hen they interact with others a t or near their level of 
thinking. However, there  a re  significant com plexities of learning 
cycle group activities including collaboration dynam ics and  the 
confidence level of the m ore capable peers within the  learning cycle 
fram ew ork which deem  further exploration.
Many of the  preceding studies have centered on the 
effectiveness of the  use of learning cycle m ethodology on learner 
ach ievem ent when com pared to traditional or textbook 
m ethodologies or the  effectiveness of the u se  of the learning cycle 
when m easured  by concept content or p rocess achievem ent. In 
contrast, none of the  previous research  h as exam ined th e  learner’s  
conceptual organization within th e  fram ework of the  learning cycle 
learning groups. T hese  cooperative laboratory learning groups a re  an 
essen tia l a sp ec t of the learning cycle; therefore, how the  groups’
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in teractions m ay affect the  individuals’ conceptual organization are  
of significant concern. However, none of the  studies in sc ience have 
investigated  th e  collaborative p ro cesses  within cooperative  
laboratory groups and exam ined their effect on th e  individual’s  
conceptual organization within the fram ework of the  learning cycle.
Cooperative Learning 
The cooperative learning movement originated a s  a  m ethod of 
increasing academ ic achievem ent and social skills am ong diverse 
junior high school studen ts (Lazarowitz, Hertz-Lazarowitz, & Baird, 
1994; Slavin, 1980). Since it’s  origination, num erous studies have 
b een  conducted on various aspec ts  of cooperative learning. Johnson  
and  Johnson (1985) reviewed over a  thousand cooperative learning 
s tu d ies  and reported that cooperative learning experiences prom ote 
m ore learning than  competitive or individualistic learning. Several 
s tud ies that have been conducted in the science a re a  (Brody, 1991; 
Jo n e s  & Steinbrink, 1989; Scharm ann, 1992) have focused  on the  
tea ch e r 's  u se  and beliefs toward cooperative learning instead of 
research ing  the  collaborative p rocesses within th e  learning groups 
them selves.
Much of the  cooperative learning group research  that h as been
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conducted  in the  science  field has focused  on student roles within 
th e  cooperative learning group. The impact of th ese  studen t roles 
within cooperative learning groups has been  reported by severa l 
re sea rch e rs . Richmond and Striley (1996) researched  the  sm all- 
group p ro c e sse s  of student-designed  laboratory investigations 
within a  ten th  grade interdisciplinary sc ien ce  classroom . T heir 
re sea rch  indicated tha t different types of leadership  evolved within 
cooperative learning groups. They also  reported a correlation 
betw een  th e  types of leadership within th e  groups and th e  small 
groups’ approach to problem solving. Additional research  on studen t 
roles h a s  been  reported by Lumpe and S taver (1995). Their study 
re sea rch ed  th e  effectiveness of assigned  traditional roles and  
assig n ed  cognitive roles as com pared to  the  natural em ergence  of 
studen t roles within a  high school biology class. They reported that 
while cognitive roles where more productive than  traditional roles, 
allowing natural roles to em erge may be the  m ost effective way to 
prom ote learning. In addition, Bianchini (1997) reported tha t 
s tu d en ts’ perceived sta tus by other m em bers of the group had  an 
im pact on th e  studen ts access  to group m aterials and d iscourse  
within th e  sm all group.
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A nother a re a  of cooperative learning sc ience  research  h a s  
cen tered  on sc ience  achievem ent when utilizing cooperative learning 
groups a s  com pared to individual learning. This group of research  
has resulted in mixed results. Som e research  has reported higher 
ach ievem ent w hen utilizing cooperative learning groups (H um phreys, 
Johnson , & Johnson , 1982; Lazarowitz, Hertz-Lazarowitz, & Baird, 
1994; Okebukola, 1986; Okebukola & Ogunnig, 1984; W atsun, 1992; 
Scott & Heller, 1991). In contrast, o ther studies have not found 
significant d ifferences betw een the  two app roaches (Sherm an, 1989; 
Tingle & Good, 1990).
O ther cooperative learning research  in the  a re a  of sc ien ce  has 
investigated  cooperative incentives (W atson, 1992), g ender is su e s  
(Heller, 1992), and  student attitudes (Okebukola, 1986; R enner e t al., 
1985). However, Tobin, Tippins and Gallard (1994) reported th a t 
little h a s  been  done to investigate the  collaborative p ro c e sse s  
within the  learning groups them selves. In addition, Tobin, Tippins 
and Gallard point out that som e c la sses  and task s might lend 
them selves to cooperative learning while o thers do not. Yet sc ience  
c lassroom s have, out of laboratory equipm ent constrain ts, usually 
required s tu d en ts  to work in groups of two to four. Consequently,
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fu rther resea rch  on cooperative learning p ro ce sse s  specifically 
within the  fram ework of the  laboratory-based sc ience  classroom  is 
needed.
This is especially true of the elem entary levels. Lazarowitz 
and  Tam ira (1994) did an  analysis of the  history of research  relating 
to  the  use  of the  laboratory in sc ience teaching and found that there 
is little reference to science  laboratories in the  elem entary school. 
This lack of research  could be b ecau se  science is rarely taught in 
th e  elem entary classroom  and when it is taught the  approach is 
primarily textbook based  (Roychoudhury, 1994). Tobin and G allagher 
(1987) reported that m ost teachers, at both the  elem entary and 
secondary  levels, s e e  labs a s  verification or cookbook activities. 
Therefore, th e se  teach e rs  do not view the  role of the  laboratory 
activities a s  a  way to  allow students to  solve problem s and thereby 
construct their own knowledge of science. T h ese  tea ch e r beliefs 
restrict the  u sa g e  and application of th e  laboratory within th e  
sc ience  education community and may be significant factors in the 
lack of elem entary  sc ience  educational research  in the  collaborative 
cooperative learning context.
Reading Level and Science Achievement
2 2
R esearch  h as shown that reading vocabulary and reading 
com prehension m ake a significant difference in sc ience 
achievem ent. Saturnelli and  Repa (1995) studied the  relationship 
betw een the  reading sco res of 1,381 fourth grade s tu d en ts  and their 
sc o re s  on m ultiple-choice and hands-on/m anipulative a sse ssm e n t 
ta sk s . Their resu lts revealed that reading sco res  had a  significant 
effect on both ta sk s  although all studen ts perform ed b e tte r on the 
hands-on test. Yore (1993) has also done research on th e  impact 
reading ability h a s  on multiple-choice tes ts . His resu lts indicated 
tha t middle school studen ts with high-ability reading levels had 
significantly higher sco res  than did low-ability readers. Yore and 
Craig (1992) a lso  reported that there  w as a  significant difference 
betw een  high-ability readers and low-ability read ers  w hen tes ted  on 
declarative, procedural and  conditional knowledge a t th e  middle 
school level. Yore (1987) found that a  teaching methodology that 
initiates learning with concrete  experiences, supp lem ented  with 
tex tual m aterials and  m ediated with direct instruction on critical 
sc ien ce  reading skills, is an effective teach ing  strategy in 
discounting initial differences in general reading vocabulary and 
reading com prehension. While Yore was not referring to  the  learning
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cycle, th e  description of the  Initiation of learning with concre te  
experiences aptly fits the  basic teaching m ethodology.
Unfortunately, no direction on critical sc ience  reading skills is 
currently included in the  learning cycle structure.
However, Renner et al. (1973) did research  th e  transfer of 
basic  learning cycle skills to those  necessary  to the  learning of 
reading in first grade students. In this study th e  experim ental group 
studied  a  learning cycle unit on material objects while th e  control 
group w as given a  commercial reading readiness program . Both 
groups w ere then  evaluated with a  reading read iness tes t. T he 
re sea rch e rs  reported that the experimental group show ed g rea te r 
ga ins than  the  control group in th ese  sub-tests: word m eaning, 
listening, matching, alphabet, and num bers. The control group 
show ed g reater gains in copying.
No specific research  w as found relating reading level, 
learning cycle methodology, and student achievem ent.
Concept Development 
Defining what a concept is and how to m easure  the 
developm ent of a  concept are both factors in understanding how a 
lea rner assim ilates and retains knowledge. The definition of a
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c o n c e p t that will be used  in this study is a  repeatable pattern of 
two or m ore distinguishable objects, even ts, or situations that have 
b een  grouped or classified together and se t apart from other 
objects, even ts or situations on the  basis of som e comm on feature, 
form, or properties (Lawson, Abraham, & Renner, 1989). In
contrast, the  term  alternative  concept refe rs  to  experience-based  
explanations constructed and adapted by a  learner to m ake a  range of 
natural phenom ena and  objects intelligible. Earlier resea rch e rs  
referred to th e se  concepts a s  m isco n c ep tio n s : however, m ore recen t 
re sea rch e rs  feel th a t th e  term m isconception erroneously  implies 
that such  ideas serve no cognitive purpose for th e  learner.
W andersee, Mintzes, and Novak (1994) reported that the  term  
alternate  conception, rather than m isconceptions, ap p ea rs  to  be  the  
term  used by the  majority of researchers in the  field. They also  
reported tha t alternative conceptions a re  now considered  a s  natural 
in term ediates of the  learning p rocess tha t is a  natural part of 
concept developm ent. This shift in philosophy is m ore com patible 
with constructivist ideas of concept developm ent (Clem inson, 1990). 
Therefore, th e  term  alternate conception is a  m ore accu ra te  term  
b e c a u se  it implies th e  existence of the  conceptual reorganization
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required of th e  learner to form valid conceptions. R esearch e rs  also 
ag ree  that in order to learn more about the phenom ena of concept 
developm ent investigators should use  research  tools that provide a 
maximum of expression for their subjects. They, therefore, believe 
tha t interviewing and concept m aps appear to be two of th e  current 
resea rch  tools of choice.
Concept Mapping 
Shym ansky et al. (1997) reported that conceptual growth can 
be recognized by the integration of new valid ideas or by the 
deletion of invalid concepts, propositions, or linkages. One research  
tool which h a s  been shown to be sensitive to th e se  evolutionary 
ch an g es in s tuden ts’ conceptual organization and complexity is 
concept m aooinq (Markham, Mintzes, & Jones, 1994; W allace & 
Mintzes 1990). Concept mapping a s  a  technique w as developed from 
work done by Novak (1972) and w as originally u sed  for exploring 
m eaningful learning acquired through audio-tutorial instruction in 
elem entary school science. Concept m aps represent concepts, 
term s, fea tu res  and th e  interrelationships betw een th e s e  fac to rs 
that com prise a  student’s  knowledge (Dykstra, 1992). The concept 
m ap cartography has been described by W andersee (1990) a s  a
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diagram  com posed of circles or nodes used  to enclose term s which 
refer to concep ts and solid lines with linking words to  indicated 
relationships betw een concepts. The combination of two nodes and 
a  labeled line is referred to a s  a  proposition. This fundam ental unit 
is u sed  to  a s s e s s  the  validity of the  relationship drawn betw een two 
nodes. T he original technique described by Novak and Gowin (1984) 
w as a  hierarchical framework with superordinate concep ts and 
linking w ords.
An alternate  concept mapping technique w as developed by 
Shavelson  and defined by Ruiz-Primo and Shavelson (1996) a s  a  
network concept m ap. T hese  concept m aps are not necessarily 
hierarchical. Network m aps are  com posed of concept nodes linked 
directionally by labeled lines to  produce propositions. T h ese  lines 
rep resen t the  relationship betw een nodes. The network may be 
divided into su b se ts  and indicate links betw een th e s e  su b se ts . The 
m eaning of a  concept is therefore defined by its relationship to 
o ther concep ts. For exam ple th e  concept p réc ip ita tion  is partially 
defined by its’ connecting concepts which may include rain, sleet, or 
snow .
The concept mapping task s used in past stud ies have varied
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with the  researcher. T asks have included; constructing a  concept 
m ap independently (Roth & Roychoudhury, 1993; W allace & Mintzes, 
1990), filling in a  skeleton map provided by an  expert sou rce  
(Anderson & Huang, 1989), writing an e ssa y  (Lomask e t al., 1992), 
and  responding to  an  interview (Heinze-Fry & Novak, 1990). S tudent 
re sp o n se s  varied in form at including written, verbal interview s, 
drawn, or com puterized responses.
C oncept m aps continue to gain attention am ong educators; 
however, research ers  Ruiz-Primo and Shavelson (1996) have 
recom m ended that additional research is needed  in this a re a  to 
provide additional reliability and validity information. W hile their 
analy sis  reported  severa l results show ing consisten t corre lations 
betw een m apping and other student achievem ent m easu rem en ts , 
o ther researchers (Novak, Gowin and Jo hansen , 1983), have  reported 
a  correlation close to zero between concept m ap a sse ssm e n t and 
m ultiple-choice te s t. This zero correlation may indicate tha t th e se  
a sse ssm e n ts  m ay m easure  different types of learning. In 
particularly, research  has shown that concept m aps w ere sensitive 
to ch an g es in knowledge which were not discerned by traditional 
m ultip le-choice/free-response evaluation (W allace & M intzes,
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1990). Additional evidence of the  validity of concept m apping a s  a  
research  and  evaluation tool in science education (M arham, Mintzes,
& Jo n e s , 1994) su g g ests  that concept mapping indicates significant 
d ifferences in the  structural complexity and  organizational pa ttern  
of studen ts and w as found to be a  sound tool for a sse ss in g  
conceptual change in experimental and classroom  settings. C oncept 
m apping h a s  also been  advocated a s  an effective a sse ssm e n t of the  
evaluation of studen t understanding within the  learning cycle 
fram ework (F leener & Marek, 1992). Therefore, su ccess iv e  concept 
m aps constructed within the learning cycle can be u sed  to  rep resen t 
the  ch an g es a  student may m ake a s  learning occurs and  therefore  act 
a s  a  m ethod of tracing the  studen ts’ conceptual learning.
Sum m ary
T he recen t shift to a constructive paradigm  in the  educational 
field h a s  resulted  in a  significant num ber of ed u ca to rs  reconsidering 
the  basic  p rem ises and implications of theorists P iaget and  
Vygotsky. This renew ed Interest in th ese  two th eo ries  of learning, 
and how they intertwine with one another, has resulted  in a  more 
integrated approach  to science educational research . P ast research  
based  on Vygotskian theory has studied various a sp ec ts  of the
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s tu d en ts’ environm ent, including the  social a sp e c ts  of cooperative 
learning. In contrast, Piagetian-based research  has focused on the  
s tu d en ts’ m ental developm ent, process acquisition, and those  
teaching m ethodologies that may expedite the  developm ent of the  
s tu d en ts’ m ental p rocesses. However, the current project is unique 
in that it s e e k s  to discover Information on how studen t’s  conceptual 
organization develops and how that developm ent is m ediated within 
the  P iagetian -based  learning cycle framework.
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CHAPTER 3 
IVETHODOLOGY 
Participants and Setting 
The study w as conducted in two 6th-grade sc ience  classroom s 
a t an urban middle school. The science teacher involved in this 
study, Ms. R., used  a  hands-on, experience-based instructional 
approach  in the  science classroom  and implemented learning cycle 
m ethodology which utilizes small cooperative learning groups. Ms.
R. has a  bachelors degree in secondary science education and was in 
h er ninth year of teaching. She has had experience in teaching 
sc ience  from the sixth through the  twelfth g rades and h as  taught the 
sixth through the eighth grades using the  learning cycle 
methodology. The learning cycle methodology w as the  required 
sc ience  curriculum for the school and the  a ssis tan t principal, Ms. Q., 
had  taught elem entary learning cycle sc ience m ethodology at the 
undergraduate level. Ms. Q. had previously observed the  science 
teach e rs  from several schools in the district and recom m ended Ms.
R. a s  an excellent learning cycle instructor. Ms. R. also  had  utilized 
concept m apping techniques in the  classroom .
T he 53 potential participants for the  study were sixth grade
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studen ts, ranging in ag e  from 11 to 13 years, in two of Ms. R.’s  sixth 
grade classroom s. The 48 studen ts who returned signed consent 
form s w ere the only studen ts Included in the  data  analysis. The 
re sea rch e r also included only th e  consenting participants in the 
audio and video taping procedures. The participants consisted  of 
24 fem ale and 24 m ale studen ts . The participants w ere culturally 
diversified and w ere identified by the teach e r a s  2%  Asian 
American, 2% African American, and 85.5% C aucasian , a s  well a s  
10.5% from Middle Eastern countries. T he two c la sse s  included 
children with learning, social, and  emotional disabilities. Due to 
inclusion regulations, th e se  s tuden ts w ere an existing fac to r in th e  
classroom  and contributed to classroom  dynam ics. T herefore, all 
s tuden ts, including the disabled students, w ere ask ed  to  participate.
Due to the  structure of the learning cycle m ethodology, reading 
w as an integrated com ponent of the  unit. Instructions an d  d a ta  
collection during th e  exploration phase  and the expansion  phase , a s  
well a s  th e  lab reports during the  term introduction p h a se , a re  often 
in written form. In order to a s s e s s  the impact of reading ability on 
concept developm ent in the  learning cycle, reading levels of all 
s tu d en ts  who return signed consen t forms were obtained for u se  in
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analysis. The studen ts were placed into th ree  reading groups 
according to their reading scores. T hose studen ts who tested  below 
g rade  level w ere placed in the  low group, those who tested  at grade 
level and up to the ninth grade level w ere placed in the  medium 
group, and those  who tested  above the ninth g rade level w ere placed 
in the  high group.
In order to en su re  the m ost harm onious learning situation with 
th e  least am ount of classroom  disruption, th e  s tu d en ts  w ere 
reta ined  in the  co-operative learning groups that had  been  previously 
estab lished  by the  teacher. However, due to the  sc ience  classroom s' 
constructive  natu re  and their utilization of multiple co-operative  
groups, it w as not feasible to collect and analyze the  activities of 
all of the  studen ts . Therefore, one existing cooperative learning 
group com posed of four studen ts w as randomly se lec ted . T he group 
consisted  of two fem ale and two male C aucasian  studen ts, none of 
whom w as disabled. The m em bers of this group w ere used  a s  focal 
su b jec ts  in order to obtain in-depth information on th e  talk and 
activities th a t occurred during group activities.
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Instruments
M ultiple-Choice T es ts
A te a c h e r  written multiple-choice test w as given a s  part of 
the  pre-test, expansion test, and retention test. The expansion test, 
given a t the  completion of the  unit, w as com posed of a  different 
version of th e  written multiple-choice pre-test. The retention tes t, 
adm inistered six w eeks after the  completion of the unit, w as the  
p re-test version of the  written multiple-choice tes t. T he classroom  
teach e r provided 60 questions covering the concept. Q uestions w ere 
randomly assigned  to  the  two versions of the  test. The te s ts  w ere 
a s se s s e d  for content by a  Professor of Environmental S ciences a t 
th e  University of Oklahoma who served a s  a  scientific expert. T hese  
two te s ts  w ere  adm inistered in a  pilot study to  two additional 
c la sse s  of Ms. R. prior to the start of the study to test for 
reliability. T he pilot te s ts  resulted in two versions of the  test, 
with 20 questions each , that were used in the study (see  Appendix 
A). T hese  two te s ts  had a  correlation coefficient of .86. The 
Cron bach 's  alpha determ ined the internal reliability of te s t A to  be 
.808 and te s t B to b e  .815. Reliability of the research  sub jec ts’ 
te s ts  were a lso  calculated using a  C ronbach 's alpha to determ ine
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internal consistency. T ests resulted in a  pre-test (test B) 
reliability of .726, an expansion-test (test A) reliability of .708, and 
a  retention tes t (test B) reliability of .836. It is noted th a t th e se  
reliabilities w ere specific to  th ese  sam ples a t this particular tim e. 
How ever, the  lower reliability found in the research  su b jec ts ’ 
sco res  indicates a  degree of m easurem ent error. The p resen ce  of 
m easu rem en t erro r will be  considered  when making statistical 
in fe re n c e s .
C oncept Mapping and Written Explanation
A concept m ap is a  graphic hierarchical representation  
consisting  of labeled circles representing concepts and  labeled  lines 
designating  the  linkages or relation betw een a pair of circles. M aps 
w ere collected by the  classroom  tea ch e r and given to th e  resea rcher 
for coding and analysis. S tudents w ere also required to  give a  
written explanation accompanying each  concept m ap explaining the  
m eaning of the  concept map. The m aps and written explanations 
w ere broken down into idea units for analysis. For the  purpose of 
this s tudy  an idea  unit w as defined a s  subject-linking w ord-object 
unit. T his idea unit parallels the proposition units used  in Novak and 
Gowin’s  (1984) concept mapping scoring system .
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Q uantitative u se  of the m aps and written explanations utilized 
the  individual concept m aps and explanations produced by each  
individual five tim es during the  study (a) a s  a  pre-test, (b) after the  
exploration p h ase , (c) after the  term introduction p h ase , (d) after 
the  unit w as com pleted and (e) a s  a  retention tes t. Concept m aps 
and explanations w ere scored using a  com parison of their 
com ponents with a  criterion m ap. The criterion m ap w as produced 
by th e  c lassroom  tea ch e r for ecological validity and  w as a s s e s s e d  
by a  sc ien ce  expert for content (see  Appendix B). The teach er 
criterion m ap w as u sed  to  develop a  scoring system  tem plate. This 
tem plate w as devised by the researcher and a  secondary  coding 
analyst. T he secondary  coding analyst is a  sc ience  education 
re sea rch e r fam iliar with middle school sc ience  resea rch  and concept 
m apping techn iques. She w as first fam iliarized with th e  resea rch  
questions and  the  learning cycle unit used in th e  study. The tea ch e r 
criterion m ap idea  units were then individually coded by each  coder. 
The results w ere com pared, discussed, and th e  scoring tem plate w as 
ag reed  upon by both coders. This tem plate resulted in the 
developm ent of a  tally sheet listing the 16 idea  units found in the 
m ap. The idea unit com ponents found in the  s tu d en ts’ concept m aps
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and written explanations w ere combined and then com pared to the  
tally sh e e t and scored  accordingly. The possible sco res  ranged  from 
0 to 16. Each coder independently scored five randomly chosen  m aps. 
T h ese  m ap sc o re s  w ere then  com pared, differences w ere d iscussed , 
and coding w as agreed upon by both coders. Each coder then 
independently scored  10 randomly chosen  m aps. T hese  m ap sco res  
w ere then  com pared and w ere found to have a  > 95% inter-rater 
reliability. Each coder then scored  50% of the  remaining m aps. In 
o rder to  double check the  inter-rater reliability over tim e, 10% of 
th e se  m aps w ere then cross coded by the other coder, com pared  and 
found to  have a  >95% inter-rater reliability.
Audio and Video T apes
Video and audio tap es  of the focal group w ere m ade for further 
qualitative analysis of student, group and tea ch e r interaction. The 
initial transcription of th e  audio tap es  w as done by a  professional 
transcriptionist. The resea rch e r first reviewed the  tran scrip ts  and 
audio tap es  to check for accuracy. The researcher then  review ed the 
video tap es  and combined them  with the audio transcrip ts into one 
m aste r transcript of classroom  activities. The coders used  in 
coding the  concept mapping sco res were also used  in the  coding of
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th e  transcrip ts. T hese  transcripts were coded using idea units a s  
described in the  mapping analysis. Each coder separately  coded five 
p a g es  of the  transcripts. T hese codes were then reviewed, 
d iscussed , and agreed upon. Next, 10 randomly chosen  pages of 
transcrip ts w ere coded by both coders. W hen th e se  10 p ag es were 
com pared  the  percen tage  of agreem ent estab lished  the inter- rater 
reliability. Percen tage agreem ent was established at >90%. Each 
coder then coded 50% of the remaining pages of the  transcripts. In 
o rder to double check the inter-rater reliability over tim e, 10% of 
th e se  m aps w ere then cross coded by the other coder, com pared and 
found to have a  >90% inter-rater reliability. The transcript coding 
resulted  in a  m aster sp readshee t which included 51 idea units 
including the  16 idea units identified in the  mapping coding. The 
idea  units w ere then traced  throughout th e  learning cycle unit 
including transcrip ts of classroom  discussions, small group 
discussion, a s  well a s  student map and laboratory sheets . The idea 
units w ere identified a s  either teacher or student originated. This 
m as te r sp re ad sh ee t identification and tracking of idea units w as 
then  collapsed in the tab les found in the results section.
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In te rv ie w s
T he  four focal students w ere interviewed a t the  completion of 
the  unit. Interview questions are found in Appendix C. T hese
interviews w ere audio and video taped  and later transcribed to aid in
the  qualitative analysis of the  stu d en ts ' interpretation of the  post­
te s t concept m aps and how the studen ts believed these  concepts 
developed. T hese  tap es  were also coded by idea units and origin of 
ideas by both coders on four randomly chosen pages of transcripts 
for in ter-rater reliability. T hese  codes w ere then  com pared by the 
re sea rch e r and the  percentage of agreem ent w as established  at 
>95%.
P rocedure
D ata collection took place during the  second  sem este r of the
1996-1997 school year. During the month prior to  the  actual da ta
collection, the  researcher visited and observed the  c la sse s  on 
several occasions. The researcher w as a  doctoral candidate  with 
experience  in teaching  science from the  fifth through th e  twelfth 
g rades and  has taught the tenth through the  tewlfth g rades using the 
learning cycle methodology. She also has taught elem entary learning 
cycle sc ien ce  m ethods class at the university level. T he classroom
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te a ch e r introduced the  researcher a s  a  person who Is in terested  in 
finding out about how 6th grade s tuden ts learn science, and  told the 
studen ts tha t the researcher would be observing and taping so m e  of 
their c lassroom  activities and talking to  som e of them  abou t their 
activities. In th e  observational visits, the  re sea rch e r observed  the  
c la ss  activities and  took field no tes about th e  sc ience  instruction 
im plem ented in th e  classroom , particularly th e  concept m apping 
activities, in order to have a  more com plete understanding of th e  
existing classroom  procedures and how  the studen ts u sed  th e se  
activities. N otes w ere also taken on classroom  organization, tim e 
use, and  learning cycle implementation. T h ese  observations and 
no tes not only provided a  context for th e  study but also allowed 
s tuden ts to  becom e accustom ed to th e  researcher being in th e  
classroom  and her use of a  lap top com puter a s  a  m eans of d a ta  
collection. A tap e  recorder and a video cam era  w ere a lso  placed in 
various p laces around the room on occasional visits to  allow the 
s tuden ts to  becom e familiar with the  equipm ent that would be  used  
to ga ther d a ta  from the focal group.
During the  month prior to the actual study, Ms. R. distributed 
and explained the permission slips (se e  Appendix D) to th e  students.
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T he stu d en ts  and their parents were a sk ed  to  indicate on the  forms 
if they  would like to  participate or not, sign the  form, and  return the  
slips. It w as explained In the  permission slips tha t each  student and  
his or h e r paren ts could chose  not to  participate without any 
problem s or without having any effect on their grade.
T he study investigated one learning cycle unit on th e  w ater 
cycle that w as taught by the regular sc ience  teach e r and w as part of 
th e  existing curriculum. One week before the  unit began, all 
studen ts w ere asked  by the  regular classroom  teach e r to com plete 
the  p re-tests  on th e  w ater cycle unit. T he p re-tests included the  
m ultiple-choice te s t, student constructed concep t map, an d  written 
explanation of the concept m ap. The tea ch e r then  facilitated the  
c la ss  through each  of the th ree  learning cycle p h a se s  in th e  typical 
classroom  m anner.
At the  start of the  learning cycle unit, the  teach er led a  
d iscussion  about previous related investigations on evaporation and 
condensation. T he teacher referred the  s tu d en ts  to their 
term inology notebooks for the  definitions of evaporation and  
condensation  that had  been constructed during previous 
investigations. During the exploration p h a se  the  teach e r introduced
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th e  unit’s  Initial experim ent which consisted  of the  observation of a 
beaker filled with red dyed ice water. S tudents then d iscussed  their 
observations in their small groups and completed Part A of the  
exploration lab sh ee t (see  Appendix E). Students then  observed an 
ecosystem  model se t up in a  classroom  aquarium. The aquarium  w as 
filled with 7cm of water and  covered with plastic wrap. A heat 
lamp w as se t up to shine a t one end of the aquarium. T he  ecosystem  
w as then  left overnight. T he next day the studen ts observed  the 
ecosystem  and discussed their observations a s  they com pleted Part 
B of th e  exploration lab sheet. The teacher supervised the  studen ts 
a s  they  m ade their observations, interacted with one another, 
collected, and recorded their data. After the  exploration phase  each  
studen t again: (a) completed a  concept map without the  help of peers 
or the  teacher and (b) wrote an explanation of that concept map.
During the  term  introduction phase  the  tea ch e r facilitated the 
c lass in a  discussion as the  concepts involved in the  w ater cycle 
w ere developed and the scientific term s for the  concep ts were 
introduced. The term introduction phase  w as structured to allow the 
s tuden ts to  discuss and interact with one another and the  teach e r as 
they com pleted the idea page  of their lab sh ee ts . After the  term
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introduction learning cycle p h a se s  each  student (a) com pleted a  
third concept m ap without th e  help of peers or the  teach e r and  (b) 
wrote an  explanation of that concept map.
During th e  expansion phase  the  teacher introduced and 
facilitated th e  unit’s  expansion activities. T h ese  activities 
consisted  of the  studen ts collecting evidence of interactions 
betw een w ater and organism s around the  school grounds. Evidence 
found by studen ts included a  bloated dead  bird, an evaporating 
puddle, and various plant life. T hese  observations were recorded in 
Part A of the  expansion of the  idea lab sheet. Part B of the  
expansion p h a se  consisted of the  small group discussing and 
com pleting lab shee t questions. The teach e r then  facilitated a  c la ss  
discussion of Part A and Part B of the  expansion lab sh ee ts . Part C 
of th e  expansion w as an individual assignm ent for stu d en ts  to use  
their know ledge of the  w ater cycle to invent and draw a  self- 
contained  m odel that would w ater 12 potted plants over a  two-week 
vacation period. S tudents w ere allowed to work on the assignm ent 
over the  w eekend and turn it in on the  following Monday.
At the  end of the unit the  studen ts (a) com pleted a  final 
concept m ap without the help of peers or the  teach er and (b) wrote
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an explanation of that concept map. S tudents also com pleted the  
m ultiple-choice expansion te s t. An interview with th e  four focal 
students w as also  conducted at the  conclusion of the  unit.
Six w eeks after th e  completion of th e  unit studen t retention of 
the  concept w as a sse sse d . The retention a sse ssm e n t included the 
written m ultiple-choice te s t, studen t constructed  concep t m ap , and 
accom panying studen t written explanation of th e  concept m ap. The 
multiple-choice te s t w as the  sam e version of the  te s t given a s  a  
pre-test.
During the  entire study the resea rch er observed and took field 
notes on a  lap-top computer. The resea rcher also  collected and 
identified the  m aps and  written exp lanations with a  confidentiality 
code a s  they w ere collected from the studen ts . The re sea rch e r also 
audio and video taped  the  focal group during the  entire study.
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C hapter 4  
RESULTS 
Q uantitative Analysis 
Analysis of the  quantitative d a ta  w as perform ed in four s ta g e s  
to  determ ine two of the th ree  research  questions: how the 
individual s tu d en t's  concepts developed over each  of th e  th ree  
p h a ses  of the  learning cycle, and how stab le  the  individual studen t’s 
concep ts w ere over time. A sum m ary flow chart of th e s e  four 
s ta g e s  an d  their results is shown below.
Sum m ary Flow Chart of Quantitative Analysis
S tage One
Concept Maps 
T e s ts
M ultip le-C hoice
D e sc r ip tiv e s D e sc rip tiv e s
(To look for relationships betw een m easures)
C orrelation Matrix 
Table III
(The correlation betw een the m aps and th e  te s ts  indicate that the
two m easu res  a re  related)
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Stage Two
(In order to  determ ine if a  categorical variable of 
reading group should be used  in analysis)
ANOVA: Dependent Variable 
Concept Map
T e s t
Table IV 
(Found a  significant main effect 
of reading group)
ANOVA: D ependent Variable 
M ultip le-C hoice
Table VI 
(Show ed significant 
d if fe re n c e s )
(To asce rta in  w here differences 
e x is te d )
(To ascertain  w here
d iffe rences ex is ted )
G am es Howell 
Table V
(Show ed significant differences by 
reading level on pre-test in the low 
and high reading groups)
S c h e ffe  
T able  VII 
(Show ed significant 
differences by reading level 
on pre-test with the  high
group)
(Since significant differences were found, su b seq u en t analysis used  
a  group variable for entering reading level)
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stage Three
In order to  answ er question 1: How do individual studen ts’ concepts 
develop over each  of the th ree  phases of the learning cycle the 
following MANCOVA on the  concept m aps w as performed.
Concept Map 
MANCOVA 
T able VIII 
Covariate: Map 1 
B etw een Subjects Factor: 
Reading Level 
(Show ed significant d ifferences 
over tim e)
W ith in -S ub jects C on trast 
T able IX 
(Show ed significant d ifferences 
Map 3 to  Map 4 and Map 4 to Map 5 
Differences found in Map 4 to Map 5 
a re  utilized in s tag e  four)
B e tw een -S u b jec ts  E ffects 
Table X 
(Showed that by using Map 1 
a s  a  covariate, the  m ap scores 
of the  s tu d en ts  in the three reading 
groups w ere m ade com parable)
(The MANCOVA performed on the concept m aps indicated that the 
s tu d en ts’ concept knowledge changed over tim e. S tuden ts’ concept
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know ledge increased  from term  introduction, m ean = 6.375, to  the  
expansion-test, m ean = 8.187. S tudents’ concept knowledge 
d e c re a se d  from expansion-test, m ean = 8.187 to retention tes t, 
m ean = 5.833.)
S tage Four
In o rder to answ er Question 3: How stable are  the individual 
s tu d en ts’ concepts over tim e? A repeated m easure  MANCOVA w as 
perform ed using both concept m ap and multiple choice te s t results.
MANCOVA 
Com bined dependent variables;
Maps and  Multiple Choice T ests 
Table XI
(The MANCOVA performed on the combined expansion and  retention 
te s ts  show ed a  significant difference betw een the  expansion  sco res 
and  th e  retention scores. The te s t indicated that s tu d en ts’ 
conceptual understanding d ecreased  from the  time of the  expansion- 
te s t  until the  tim e of the retention te s t (6 w eeks). It w as a lso  
show n tha t by using a  combination of the  pre-test m ap sc o re s  and 
th e  p re-test multiple choice sco res a s  a  covariate, th e  analysis has 
ad ju sted  for the  betw een sub jects effect of reading level.)
S ince there  w as a  significant difference show n in the  MANCOVA, an 
ANCOVA on the  multiple-choice te s ts  w as perform ed to  s e e  how 
m uch th e  multiple choice te s ts  contributed to the  difference 
betw een  expansion and retention scores.
ANCOVA 
C ovaria te ; P re - te s t 
multiple cho ice  te s t  
Table XII
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(Showed a  trend toward 
significance (c.=.051) in the 
m ultiple-choice ex pansion  
and  retention tes ts )
Betw een su b jec ts  analysis 
Table XIII 
(Showed that by using the 
m ultip le-choice p re - te s t  a s  
a  covariate, the  te s t sco res  
of th e  s tuden ts  in th e  th ree  
reading groups w ere m ade 
com parab le)
The ANCOVA performed on 
th e  m ultiple-choice te s ts  
indicated th a t th e  multiple 
choice te s ts  contributed to 
th e  variability found in the 
combined dependent 
variables MANCOVA.
T herefore, the  two m easures of conceptual knowledge may explain 
so m e overlapping variability in student concept knowledge and  both 
the  concept m aps and the  multiple-choice te s ts  contribute to  the  
significant differences found in th e  expansion and retention 
a s s e s s m e n ts .
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in th e  first s ta g e  descriptive statistics by reading group w ere 
obtained on the concept m aps and the  multiple choice tes ts . 
C orrelation coefficients w ere then  calculated to determ ine w hat 
correlations, if any, existed betw een the m aps and the  te s ts  that 
would indicate that the two m easures were related. In the  second  
s ta g e  one-w ay ANOVAs comparing different reading groups w ere 
perform ed on pre-test m ap sco res  and m ultiple-choice te s t sc o re s  
to  determ ine if the  pretest sco res by reading group should be used  as  
a  covariant in subsequen t analysis. The third s tag e  of d a ta  analysis 
consisted  of a  MANCOVA on the concept m ap scores to determ ine if 
s tu d en ts ' concepts changed over time. The fourth s ta g e  of analysis 
included a  MANCOVA performed using combined m aps and tes ts  to  
de term ine  the  stability of th e  individual s tu d en ts’ concep ts  over 
t im e .
Prelim inarv Analvsis
D escriptive sta tistics w ere first perform ed on the  concep t 
m aps and  the  multiple-choice te s ts  in order to exam ine the  im pact 
of s tu d en ts’ levels of reading and entering knowledge. Appendix F 
gives the  combined concept map and explanation score  for each 
subject included in the study. The m eans and standard  deviations for
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each  s e t  of m aps by reading group is reported in T able I.
TABLE I
Concept Map Scores by Reading Group*
Pretest Explore Term Intro Expansion Retention
RL=Lo, N=13
Mean .8 5 .2 4 .5 7 .2 4 .8
SO .8 2 .3 2 .7 3 .2 3 .6
RL=Md,N=17
Mean 1.2 5 .0 6 .8 8 .2 6.1
SO 1.4 2 .4 1.8 3 .0 2 .4
RL=Hi, N=18
M 2 .3 6 .3 7 .3 8 .8 6 .3
SO 2 .2 2 .8 2 .0 2 .6 3 .6
* Highest total sco re  possible = 1(0
In addition to the concept mapping sco res , th e  m ultiple-choice 
te s t sco res  w ere analyzed. Multiple-choice te s t sc o re s  for each  
subject included in the study are also reported in Appendix F. The 
m ean s and standard  deviations for each  se t of m ultiple-choice te s ts  
by reading group is reported in Table II.
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TABLE
Multiple-Choice T est Descriptives by Reading Group"
Pretest Expansion Test Retention
RL=Lo, N=13
Mean 12.2 15.8 1 2 .3
SD 3.5 3 .0 4 .0
RL=Med, N=17
Mean 12.4 15 .7 14 .8
SD 3.4 2 .5 2 .6
RL=Hi, N=18
Mean 15.3 18.1 16.1
SD 2.5 1.6 3 .8
^Highest total sco re  possible = 20
To determ ine th e  relationship of all th e  m easu res  used  a  
correlation of the five concept mapping sco res  and th e  th ree  
multiple choice te s t sco res  w as calculated. T he matrix for the  
m easu re s  used  is shown in the Table III. T he significantly high 
correlations betw een m easures a re  not unexpected due  to  th e  
sim ilarity of th e  te s ts .
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TABLE III 
C orrelation Matrix for M easures
PRECM EX CM TiCM EXP CM RET CM PREMC EXPMC RETMC
PREGM 1 . 4 0 * . 4 1  * . 4 5 * . 3 4 * . 3 1  * . 3 4 * . 2 9 *
EX CM 1. . 4 8 * . 5 9 * * . 4 1 * . 2 3 . 4 4 * . 0 7
Tl CM 1. . 6 0 * * . 6 3 * * . 4 5 * . 4 2 * . 2 9
EXP CM 1. . 6 8 * * . 3 4 * . 2 8 .21
RET CM 1. . 2 9 . 3 4 * . 2 3
PREMC 1. . 5 9 * * . 5 4 * *
EXPMC 1. . 4 4 *
RETMC 1
*p<.05
**p<.001
Previous research  (Satumelli & Repa, 1995; Yore, 1987, 1993; 
Yore & Craig, 1992) h as  shown an effect of reading level on science 
achievem ent. Therefore, the  second stage  of d a ta  analysis utilized 
one-w ay ANOVAs to com pare different reading groups on the pre­
te s t sc o re s  in order to determ ine if a  categorical variable of 
entering knowledge by reading group should be utilized in the  
rem ainder of th e  study’s  analyses. The results of th e se  analyses are 
reported separa te ly  for the mapping pre-test sco res  and  the 
multiple choice pre-test sco res.
T he ANOVA on the  pre-test mapping sco res and their 
su b seq u en t analysis are  reported first. Results of the  ANOVA which
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com pared reading groups on the pre-test m ap scores a re  reported in 
the  tab le  below.
Table IV
ANOVA Sum m ary Table for Pre-test Map S co res Comparing Different 
Reading Groups
SOURCE df 88 MS F
Between reading 
groups 2
19.02 9.51 3.37 *
Within groups
45
126.98 2.82
Total
47
146.00
*H< .05
As show n in the  tab le  results indicated a  significant main 
effect betw een reading groups. Initial inspection of the  concept m ap 
da ta  indicated the  possibility of non-hom ogeneity of cell variances; 
therefore, a  te s t of this factor w as m ade using Levene’s  technique, 
a s  suggested  by G lass (1966). The degree of heterogeneity w as 
significant (F=4.26, df=2/45, ^<.05). C onsequently, the G am es- 
Howell multiple com parisons post-hoc te s t w as used to determ ine 
where differences in the  concept map m ean sc o res  existed. The 
results of the  Games-Howell Test are  sum m arized In Table V.
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Table V
Games-Howell Sum m ary Table of Comparison of G roup Differences of 
P re-test Map S cores by Reading Group
Low Reading 
Group (m ean=.769)
Medium Reading 
Group (mean=1.23)
High Reading 
Group (m ean=2.27)
Low
Reading
Group
Mean Dif = -.466 
Std. Error = .619 
p = .514
Mean Dif =-1.50* 
Std. Error = .611 
p = .04
Medium
Reading
Group
M ean Dif =-1.04 
Std. Error =.568 
p =.243
* £<  .05
An examination of th e  m eans in Table V ind icates th a t the  
m ean for the  low reading group is lower than  th e  m ean  for the 
m edium  reading group and that the latter is lower than  that of the 
high reading group. The difference between the low reading group 
and  th e  high reading group is large enough to  be  significant at the  
.05 level of confidence. No other differences a re  significant.
A second one-way analysis of variance w as perform ed on the  
p re -te st multiple-choice sc o res  in order to  de term ine  if a  
categorical variable of entering knowledge by reading group should 
a lso  be utilized in the multiple-choice sco res  te s t analysis. R esults 
of the  ANOVA are  reported in Table VI.
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Table VI
ANOVA Sum m ary Table for Pre-test Multiple Choice S cores 
Com paring Different Reading Groups
SOURCE df SS MS F
Between reading 
groups 2
106.09 53.04 5.357 *
Within groups
45
445.57 9.90
Total
47
551.66
*a< .05
T he ANOVA indicated a  significant difference betw een the  
reading groups on the  pretest. As with the concept m ap data , the 
initial inspection of the  multiple-choice data , a s  shown in T able II, 
indicated th e  possibility of non-hom ogeneity of cell variances, a  
te s t of this factor w as m ade using Levene technique. However, the  
d eg ree  of heterogeneity w as not significant (F=.603, df=2/45, p. 
>.05). Therefore, the  Scheffe’ multiple com parisons post-hoc te s t 
w as used  to determ ine th e  m eans betw een which significant 
differences existed. The results of the Scheffe’ te s t is reported in 
T able  VII.
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Table VII
Scheffe T est Sum m ary Table of Comparison of Group Differences of 
Pre-test Map Scores by Reading Group
Low Reading 
Group (mean=l2.15)
Medium Reading 
Group (mean=12.35)
High Reading 
Group (mean=15.33)
Low
Reading
Group
Mean Dif = -.1991 
Std. Error = .1.159 
p -  .985
Mean Dif =-3.18* 
Std. Error = 1.145 
p = .029
Medium
Reading
Group
Mean Dif =-2.98 * 
Std. Error =1.06 
p =.027
* a <  .05
An exam ination of the m eans in Table VII indicates that the  
m ean  for the  low reading group is different than the  m ean for the 
high reading group and that the medium reading group is different 
than  the  high reading group. T hese differences are  significant at the  
.05 level of confidence.
T hese  preliminary te s ts  (shown in Table IV through T able VII) 
perform ed in the second  stage  of data  analysis indicated that 
reading level did have an effect on studen ts ' p re-test sco res  in both 
th e  concept mapping and the multiple-choice a sse ssm en ts . To 
control for th e se  initial differences in perform ance on the  concept 
m apping sc o re s  and the  multiple-choice te s ts  betw een reading 
groups a  covariant design w as implemented for the  following
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analyses. T hat is, the concept m apping p retest and  the  multiple- 
choice p re test were used a s  the covenant in subsequen t analysis. 
C oncept Developm ent Over Time
In the  third stage  of da ta  analysis a  repeated  m easu res  
MANCOVA w as performed on the  concept m aps in order to answ er 
how individual students’ concepts develop over each  of the th ree  
p h a se s  of the  leaming cycle. Results of this analysis is reported in 
T able  VIII.
T able VIII
Summary T able of Concept Maps MANCOVA by the  Wilkes’ Lambda 
C rite rio n .
SOURCE OF VARIATION d f F
T im e 3 /4 2 11 .9 0 2 *
Time X P re-test Map 3 /4 2 .646
Time X Reading Group 6 /8 4 1.549
*a<.ooi
As a  result of the significance of time, a  te s t  of within- 
sub jec ts  co n trasts  of the tim e variations w as perform ed to 
ascerta in  the  specific significant time periods. During Time I, from 
th e  exploration m aps to the term introduction m aps, the  total m ean 
increased  from 5.56 to 6.37. During Time 2, from th e  term
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introduction m aps to the  expansion m aps, the  total m ean 
significantly increased  from 6.37 to 8.18. During Time 3, from the  
expansion  m aps to the  retention m aps the  total m ean significantly 
d ecreased  from 8.18 to 5.83. (The difference during Time 3 will be  
used  in s ta g e  four analysis). The results a re  reported in T able IX.
Table IX
Sum m ary T able of T ests  of W ithin-Subjects C on trasts of C oncept 
Map Variation of Time
Time Variable d f S S / M S F
Time 1 
exploration - term 
introduction
1 4 .2 5 2 .842
Time 2 
term introduction - 
expansion
1 6 2 .6 9 9 2 7 .9 6 7 * *
Time 3 
expansion • retention
1 2 5 .9 6 2 8 .5 8 8 *
(I<.05
a<.ooi
An analysis of betw een-subjects effects of th e  p re -te st m ap 
and th e  reading groups w as performed. The analysis indicated that 
the  p re-test m ap w as significant. T h ese  resu lts indicate th a t 
regard less of reading group there  is a  significant difference over 
time in studen t’s  concept knowledge a s  m easured  by concept m aps 
when th e  pre-test m ap is used a s  a  covariant. R esults a re  reported
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in Table X.
Table X
Sum m ary Table of T ests  of Betw een-Subjects Effects of C oncept 
Maps
S ource d f S S / MS F
P re -test Map 1 1 6 4 .1 4 3 /1 6 4 .1 4 3 10.045*
Reading 2 14.905/14.905 .912
E rro r-b e tw e e n 44 719.016/16.341
*C.<.05
Individual S tuden ts ' C oncept Stability
In s ta g e  four a  repeated m easures MANCOVA w as perform ed in 
order to analyze any differences on the expansion sco res  and  the  
retention te s t  sco res with the  concept m ap results and  th e  
m ultiple-choice te s t results combined. Prior analysis show n in 
T able IX show ed a  significant difference with the concept m ap 
results alone. R esults of the  combined sco res  a re  reported in T able 
XI.
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Table XI
Sum m ary T able of Multivariate Analysis of C ovariance of Pre-test 
M aps Combined with Pre-test Multiple-Choice T ests  on Expansion 
and  Retention T ests
1 Source of Variance Criterion T est d f F
C o v aria te P il la is 4 /8 6 6 .9 8 * *
Wilkes’ Lambda 4 /8 4 7 .6 4 * *
Reading P il la is 4 /8 6 1 .07
Wilkes’ Lambda 4 /8 4 1 .05
Reading X Time P il la is 4 /9 0 1 .02
Wilkes’ Lambda 4 /8 8 1 .02
T im e P il la is 2 /4 4 2 9 .9 8 * *
Wilkes’ Lambda 2 /4 4 2 9 .9 8 * *
**C.<.001
The MANCOVA showed a  significant difference betw een the 
expansion sco res  and the retention scores. The te s t indicated that 
s tu d en ts’ conceptual understanding d ecreased  from th e  tim e of the  
expansion-test until th e  tim e of the  retention te s t (six w eeks). It is 
a lso  show n in the tab le  that there  w as a  significant difference 
betw een the  linear com binations of the p re-test m aps and pre-test 
m ultiple-choice tes ts . To ascertain  if this difference w as a  result 
of th e  significant difference found in the m aps, in th e  multiple 
choice te s ts  or in a  combination of the two m easures, a  repeated
6 1
m ea su re s  ANCOVA was perform ed on the  m ultiple-choice te s ts . 
R esults of the analysis are  shown in Table XII.
Table XII
Sum m ary Table of Multiple-Choice ANCOVA by the  W ilkes’ Lam abda 
C r ite r io n
S ource  of Variation d f F
T im e 1 /4 4 4.033, p  = .051
Tim e X P re test 1 /4 4 1.168, p =  .286
Time X Reading 2 /4 4 2.02, p  = .145
As shown in the  table there  is a  trend tow ards a  significance 
of time. The lack of a  higher significance m ay be due to the degree 
of m easu rem en t error found in th e  initial C ronbach’s  alpha testing of 
the  resea rch  sub jec ts’ test results. However, the  lack of 
significance of th e  interactions of time X pre-test and  tim e X 
reading validates that time alone is the  variable which b e s t explains 
th e  d ifferences in achievem ent.
An analysis of betw een-subjects effects of th e  p re-test 
multiple-choice te s t and the  reading groups w as perform ed.
B etw een sub jec ts  analysis indicated that th e  p re-test multiple- 
choice  te s t w as significant. However, when th e  p re-test multiple- 
choice te s t w as covaried out the  analysis indicated that th e  reading
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group w as not significant. Results a re  reported in Table XIII.
Table XIII
Sum m ary T able  of T es ts  of B etw een-Subjects Effects of Multiple- 
Choice T es ts
S ou rce d f 88/M S F
T e s t 1 1 8 8 .0 4 1 /1 8 8 .0 4 1 2 3 .4 8 2 *
Reading 2 3 6 .2 6 2 /1 8 .1 3 1 2 .2 6 4
E rro r 4 4 3 5 2 .3 4 4 /8 .0 0 8
*a<.001
T he ANCOVA perform ed on the  m ultiple-choice te s ts  indicated 
tha t th e  m ultiple-choice te s ts  contributed to th e  variability found 
in the  com bined dependent variables MANCOVA. From the  time of the 
expansion te s ts  to the time of the retention te s ts  th e  m ean  dropped 
from 16.6 to 14.6. Therefore, the two m easu res of conceptual 
knowledge, th e  concept m aps and the  multiple-choice te s ts , both 
contribute to  th e  significant differences found in th e  expansion  and 
retention a s s e s s m e n ts .
Q ualitative A nalysis 
Qualitative data  w ere analyzed in two s ta g e s  to determ ine the  
deg ree  individual studen t’s  concepts w ere m ediated  by classroom
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d iscussions and  th e  studen ts’ small cooperative learning group. In 
th e  first s ta g e  of the  qualitative analysis the four focal student 
m aps constructed at the  completion of each  of the  three p h a ses  of 
th e  learning cycle and the  retention m ap constructed six w eeks after 
th e  com pletion of th e  unit were utilized. Focal s tuden ts will be 
referred to with the  pseudonym s: Van, Lora, Becky, and Kevin. T hese  
m aps w ere then  correlated with the audio and video ta p e s  of the 
investigation. A qualitative summary of each  p h ase  of th e  learning 
cycle and th e  idea units presented during that phase  are  included in 
Appendix G. The following tab les are  organized with four m ajor 
a re a s  of id ea  units: w ater cycle, precipitation, evaporation and 
condensation. Listed under each of th e se  four a re a s  a re  related idea 
units. Each group of focal studen ts’ m aps where itemized by the  
idea  units th a t the  studen ts had included in the  m aps. T he charts 
indicate which studen ts  included the idea unit in their m ap and  then  
trace  th e  origin of th e  idea unit within the  investigation.
T he following key w as used  to construct th e  sum m ary charts: 
N R : Indicates the  student did not include the idea unit in their map. 
PR: Indicates the  idea  unit w as included in th a t studen t’s  p re-test
map.
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EX : indicates th e  idea unit w as included in tha t studen t’s  exploration 
map.
Ti: Indicates th e  idea unit was included in that studen t’s  term
introduction map.
EP: Indicates th e  idea unit was included in that studen t’s  term
expansion map.
RV : Indicates th e  idea unit was included in the  Bill Nigh review video 
show n a s  a  review at the end of the investigation.
T he num erals 1 through 5 indicate the order of th e  references 
to that idea unit during that phase. Each num eral is th en  followed by 
a  “S” or a  “T” which indicates that the  reference w as m ade  by a  
studen t or the  teacher. The term "self" indicated that studen t m ade 
the  reference during class.
If the  idea  unit w as not referenced during that p h a se  of the  
leam ing cycle or in a  prior map constructed by that studen t, PH1 
indicates that it w as referred to during the d iscussions tha t took 
place in the  exploration phase  and PH2 indicates that it w as referred 
to during the d iscussions during the term introduction p h ase . A “?" 
indicates that no prior reference had been m ade to the  idea  unit 
during the  investigation. The italicized idea units and “A C ”
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d esig n a te  tha t the  unit is an alternate concept.
In o rder to exam ine the quantitative findings with the  
qualitative analysis the  following results a re  p resen ted  by phase . 
T ab les XIV through table XVII sum m arize the  results of th e  phase  
a n a ly s is .
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Table XIV
Qualitative Summary Chart of Exploration Phase Maps
EXPLORATION IDEA UNIT Becky Van Kevin Lora
WATER CYCLE
includes Precipitation NR NR NR IS
Includes Evaporation NR NR NR 1T.2S
Includes Condensation NR NR NR 1T,2S,3S
Is a  continuous cycle IS PR NR NR
River, etc. to ocean NR NR m NR
PRECIPITATION
Is rain NR IS NR IS
Is snow NR ? NR ?
Is sleet NR ? NR ?
Is hail NR ? NR ?
Leads to evaporation NR IS NR NR
Rain to river, etc. £R NR PR NR
Involves hot/cold temp NR AC NR NR
EVAPORATION
Is steam NR NR NR IT
From ocean/source £R NR PR NR
Leads to condensation 18 NR IS NR
Leads to clouds NR NR ? NR
CONDBJSATION
Caused by temp, change NR NR NR 1T.2S,3S,4T,5S
Moves with wind NR NR ? NR
Leads to precipitation NR NR Leads to rain NR
Leads to rain IS NR NR NR
Is H20 vapor in the air NR NR NR 1T,2S,3T
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Table XV
Qualitative Summary Chart of Term Introduction Maps
TERM INTRO. IDEA UNIT Becky Van Kevin Lora
WATER CYCLE
includes precipitation NR 1S,2T,3S Self,2T,3S EX. 1S,2T,3S
Includes evaporation NR NR Self, EX,1S,2T,3S
Includes condensation NR NR Self,2T,3S £X,1S,2T,3S
Is a continuous cycle EX 1S,2T,3S NR 1S,2T,3S NR
Includes rain £B NR NR NR
River, etc. to ocean NR NR PR.EX. IT NR
Includes moisture NR Cond-PH1-S NR NR
Includes steam NR Evap-PH1-T NR NR
PRECIPITATION
Is rain NR E1.1S NR EX,1S
Is snow NR NR
Is sleet NR SL NR NR
Is hail NR B< NR
Leads to evaporation 1S,2T NR NR IS
Rain to river, etc. NR Efi.1T PR.EX.1T NR
EVAPORATION
Is steam NR PH1-T NR SL
From ocean/source NR Efi PR.EX NR
Rises to the sky NR NR NR ?
Leads to condensation ÊL1S IS EX,IS IS
CONDENSATION
Moves with wind NR NR SL NR
Leads to Precipitation 18 NR EX.1S NR
Is moisture NR PH1-S NR PH 1-S
Is steam makino clouds NR NR NR 0
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Table XVI
Qualitative Summary Chart of Expansion Maps
EXPANSION IDEA UNIT Beckv Van Kevin Lora
WATER CYCLE
Includes precipitation 1S.RV IL1S.RV 11,1 S,RV EX.TI.18.RV
Includes evaporation NR 1S,RV NR EX.TI.18.RV
Includes condensation NR 1S.RV NR EX.TI.18.RV
Is continuous EX.TI.1T.RV NR n.lT ,R V NR
PRECIPITATION
Is rain NR EX.TI.1S.RV 18.RV EX.TI. 18.RV
Is snow NR EXJi,1S,RV 18,RV EX.TI.18.RV
Is sleet NR ÊXJL1S.RV 18,RV £>L18,RV
Is hail NR EX.TI.RV RV NR
Leads to evaporation 11,RV NR NR TI,RV
Rain to river, ect. NR NR PR.EX.T1.RV NR
Clouds get heavy NR NR NR 1T,RV
EVAPORATION
Is steam NR I I NR 11
Is mist NR ? NR NR
From ocean/source NR NR PR.EX.TI.RV NR
Leads to clouds NR NR NR PH 2-8
Leads to condensation II.RV NR Ii,RV ILRV
CONDBMSATKDN
Caused by temp change NR NR NR 1 -4 8 ,RV
Is sweat on glass NR PH1.4Ss,T,RV NR NR
Steam leaving mouth NR 18,28 NR NR
Leads to precipitation ILRV NR EX.TI NR
Is clouds PH2-S.RV NR NR PH2-8.RV
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An overview of Table XIV of the exploration m aps reveals that 
of the  21 idea units included in the  focal group’s  m aps only one could 
be  traced  back to teacher-m ediation alone. Four additional idea 
units were traced  to a  combination of teach e r and s tuden t mediation. 
However, Lora w as the  only student to include any tea ch e r  m ediated 
idea units in her exploration map. The other th ree  s tu d en ts’ 
traceab le  idea units cam e from their pre-existing knowledge, a s  
illustrated on their pre-test m aps, or from o ther studen ts.
The Table XV sum m ary chart of the  term  introduction p h ase  
reveals that of the  22 idea units included in the  group’s  m aps only 
two, included by Van, could be traced  back to  teach e r mediation 
a lone. Four idea units illustrated by Becky and Van w ere traced  to 
s tuden t mediation alone. An additional four idea units w ere traced  
to a  combination of teach e r and  student m ediation with th e  first 
mention of the  idea coming from a  student. The majority of th e  22 
ideas had been  included by at least one of the  s tuden ts in the 
previous exploration phase  map.
The Table XVI sum m ary chart of the expansion m aps indicated 
that of the 21 idea units included in the  group’s  m aps all but four 
had been  included in the review video. Fourteen of th e  idea units had
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b e en  included in m aps by at least part of the  group. Six of th e se  14 
id ea s  w ere included for the  first time by at least o ne  student. All 
six  of th e se  ideas w ere traced to student mediation during this 
p h ase . Only one of the  21 idea units w as traced to teach er mediation 
a lo n e .
T able XVII is a  summary chart of the  focal groups’ retention 
m ap idea units. The table also includes previous m ap inclusions of 
th e  idea units by student.
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Table XVII
Qualitative Summary Chart of Retention Maps and  Previous Map 
Origin
RETENTION IDEA UNIT Beckv Vai Kevin Lora
WATER CYCLE
Includes precipitation NR NR NR EX.TI.EP
Includes evaporation NR NR NR EX.TI.EP
Includes condensation NR NR NR EX.TI.EP
Is continuous EX.TI.EP PR.EX NR NR
PRECIPITATION
Is rain No map EX.TI.EP æ E X JIE P
Is snow NR EX.TI.EP ss. EX.TI.EP
Is sleet NR EX.TI.EP æ NR
Is hail NR EXJLEP æ e x j i
Leads to evaporation TI.EP NR NR NR
Rain to river, e c t NR PR.TI NR NR
Leads to œndensation NR NR NR AC
EVAPORATION
Is steam NR TI.EP NR NR
Is liquid turning to gas NR NR NR No map
Comes from rivers etc. NR PR.TI PR.EX.TI.EP NR
Leads to condensation EX.TLEP NR EX.TI.EP NR
Is gas NR No map NR NR
Is dew NR AC NR NR
CONDENSATION
Leads to precipitation TI.EP NR EX.TI.EP NR
Is clouds NR NR No map NR
Leads to evaooration NR NR NR AC
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In th e  second  stage  a  qualitative analysis w as m ade of the  four 
focal s tu d e n ts ’ interviews which w ere conducted at the  com pletion 
of the  unit. The interview questions can be found in Appendix C. 
T able XVIII is a  sum m ary of the  differences the studen ts identified 
betw een their p re-test map and their expansion map com pleted just 
before th e  interview. The chart a lso  identifies where th e  studen t 
believed th e  idea originated during the  investigation.
Table XVIII
Interview Sum m ary Chart:
Student New Item Origin
Becky The term evaporation Ecosystem lab, PHI
The term condensation Ecosystem lab, PHI
The term precipitation Don’t remember
Van The term evaporation From all labs
The term condensation Red ice water lab, PHI
The term precipitation Red ice water lab, PHI
Rain, sleet, snow, hail = Free Don’t remember
Kevin The term evaporation From group discussions
The term condensation From group discussions
The term precipitation From group discussions
Lora The term evaporation Ecosystem lab, PHI
The term condensation Ecosystem lab, PHI
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In order to  m ore easily track each  of the  four focal studen ts 
sum m ary charts a re  displayed for each  student. T hese  charts are 
show n in T ables XIX through Table XXII.
Table XIX
Sum m ary Chart of Map Contents for Becky
WATER CYCLE P r e ­
test
Expl Term Intro 
Map
Expansion
Map
Retention
Map
Includes Precipitation 1S.RV
Is a  continuous cycle IS JEX.1S.2T.3S EX.TI.1T.RV EX. TI. EP
Includes Rain yes £B
Source flows to ocean yes
PRECIPITATION
Is rain No Map
Leads to evaporation 1S.2T TI.RV TI. EP
Rain to river, etc. yes £B
EVAPORATION
From ocean/source yes £R
Leads to condensation IS EX.1S TI.RV EX. TI. EP
Leads to rain yes
CONDevJSATION
Leads to rain IS
Leads to precipitation IS Tiav TI. EP
Is clouds PH2-S.RV
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Table XX
Summary Chart of Map Contents for Van
WATER CYCLE Pre Expl Term Intro 
Map
Expansion Map Retention
Map
Includes Precipitation 1S,2T,3S II . IS . RV
Includes evaporation 1S.RV
Includes condensation 1S.RV
Is a continuous cycle yes PR PFLEX
Includes moisture Cond-PHl-S
Includes steam Evap-PH1-T
Includes rain yes
PRECIPITATION
Is rain IS ÊX.1S m n . i s . R v EX JI,EP
Is snow 9 m EX.TI.1S.RV EX.TI.EP
Is sleet ? EX.Ti.1S.RV .EXJI.EP
Is hail ? EX.TI.RV EX H .EP
Leads to evaporation IS
Involves hot/cold temp tc
Rain to river, etc. yes ER.1T PR.TI
EVAPORATION
Is steam PH1-T l i TI.EP
Is mist ?
From ocean/source yes PR PR.TI
Leads to condensation IS
Is gas No map
Is dew tc
Is caused by heat yes
CONDENSATION
Is sweat on glass PH1.4Ss,T,RV
Steam leaving mouth 1S.2S
Is moisture PH1-S
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Table XXI
Summary Chart of Map Contents for Kevin
WATER CYCLE P r e ­
test
Expl.
Map
Term Intro 
Map
Expansion
Map
Retention Map
Includes Precipitation Self, 2T.3S IL1S,RV
Includes evaporation Self, 2T,3S
Includes condensation Self, 2T.3S
Is a  continuous cycle 1S,2T,3S IL1T.RV
River,etc. to ocean yes EE EEÆ%.1T
PRECIPITATION
Is rain 1S,RV EE
Is snow 1S,RV m
Is sleet 1S,RV E
Is hail RV e
Rain to river, etc. yes PR PR.EX.1T PR.EX.Tl.RV
EVAPORATION
From ocean/source yes PR PR.EX PR.EX.TI.RV PR.EX.TI.EP
Leads to condensation IS EX,1S II,RV EX.TI.EP
Leads to clouds ?
Leads to rain yes
CONDBslSATlON
Moves with wind ? B(
Leads to precipitation yes EE ÊX.1S EX.T1 EX.TLEP
Is clouds No prev. map
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Table XXII
Summary Chart of Map Contents for Lora
WATER CYCLE Pre Explore
Map
Term Intro 
Map
Expansion
Map
Retention
Map
Includes Precipitation IS £X,1S,2T,3S EX.T_L1S.RV EX.TI.EP
Includes evaporation 1T.2S EX.1S.2T.3S EX.TI.1S.RV EX.TI.EP
Includes condensation 1T.2S.3S EX.1S.2T,3S EX.TI.1S.RV EX.TI.EP
Source flows to ocean yes
Is cleansing yes
PRECIPITATION
Is rain IS EX.1S Ê.X.TL EX.TI.EP
Is snow ? SL EX. II. EX.TI.EP
Is sleet ? £>(,1S,RV
Is hail ? B( EX.TI
Leads to evaporation 1S.2T TI.RV
Clouds get heavy 1T.RV
Leads to condensation MC
Rain flows to river etc yes
EVAPORATION
Is steam IT SL l i
Rises to the sky ?
Leads to clouds PH2-S
Leads to condensation IS Ii.RV
Liquid turning to gas No map
Leads to rain yes
Comes from ocean yes
CONDBMSATION
Caused by temp, change 1T.2.3S.4T 1 ,2 .3 .
Is Moisture PH1-S
Is steam  making clouds 7
Is clouds PH2-S.RV
Leads to evaooration MC
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Sum m ary
Prelim inary quantitative a n a ly se s  found significant 
differences by reading level on p re-test sco res  therefore, a  
covariant design w as implemented in subsequen t analyses. T he 
quantitative analysis of the concept m apping sc o re s  indicated tha t 
the s tu d en ts’ concep t knowledge increased  from the  time of th e  
term introduction m ap to the  time the  expansion-test w as given. 
However, qualitative analysis show ed a  great diversity am ong the  
studen ts’ p a ttem s of conceptual developm ent throughout th e  s ta g e s  
of the  learning cycle. Quantitative analysis of concept m apping 
sco res  and  multiple choice sco res  a lso  found significant d e c re a se s  
in the  expansion and retention sco res. In addition, qualitative 
an a ly ses  of studen t-teacher and studen t d iscussions within th e  
classroom  and  individual concept developm ent also  indicate definite 
in terac tion  p a tte rn s .
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C hapter 5 
DISCUSSION
This research  attem pted to trace the developm ent and 
retention of sc ience  concepts within a  leam ing cycle c lassroom  tha t 
u s e s  cooperative learning laboratory groups. V olunteers from two 
sections of sixth g rade  sc ience  c la sses  participated in the  study.
Due to th e  limited num ber of participants, the  study w as exploratory 
in natu re . Time restrictions confined the  d a ta  collection to  one 
learning cycle unit, taught by one  teacher, during the  spring 
se m e s te r  of 1997. Consequently, it is acknow ledged that th e  
findings may not b e  generalizabie to larger populations or o ther 
concep ts . However, the  research  did yield d a ta  pa tterns tha t 
su g g est trends in concept developm ent and the  role of te a c h e r  and 
p e e r  mediation in s tu d en ts’ concept developm ent and  retention 
within th e  leam ing cycle.
T he learning cycle is known as a  “hands-on, m inds-on” based  
instructional m ethodology (Scharm ann, 1992). However, leam ing 
cycle units incorporate many written laboratory sh e e ts , expansion  
m aterials, and testing a sse ssm e n ts . The cursory review of the  
descrip tives of the  p re-test m ap and m ultiple-choice sc o re s  (S ee
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T ables I and II) suggested  that reading abilities might have a 
significant effect on sco res, in addition, prior research  (Yore, 1987) 
had shown that reading vocabulary and reading com prehension m ake 
a  significant difference in sc ience  achievem ent. Therefore, one-w ay 
ANOVAs w ere performed on both the concept map and multiple- 
choice pre-tests. T hese  analyses indicated that there  w ere 
significant differences betw een reading groups (S ee  T ab les IV 
through VII). As a  result, subsequent analysis used  a  group variable 
for entering reading level.
T he first question that guided this study was: How do 
individual studen ts’ concepts develop over each  of the  th ree  p h a ses  
of the leam ing cycle? The MANCOVA performed on the concept m aps 
revealed  the  s tu d en ts’ concept knowledge increased  significantly 
during the  learning cycle. However, this increase  w as only 
significant from th e  time the  studen ts constructed th e  m ap at th e  
conclusion of th e  term  introduction p h ase  to th e  time tha t they 
constructed the m ap at the conclusion of the expansion phase.
In order to better understand why a  significant increase  
occurred a t this point in the  learning cycle the  concept m apping d a ta  
w ere review ed. W hen the concept mapping idea units w ere
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com pared  it w as found that the  idea units that a re  only found in the  
expansion phase  m aps had all been discussed in the  previous phases. 
For exam ple the idea units that were most often added a t the 
conclusion of the  expansion phase  included idea units fundam ental 
to  the  w ater cycle concept. T hese  idea units included: evaporation 
lead s to  condensation (added by 11 students), condensation leads to 
precipitation (added by 13 students), and precipitation leads to 
evaporation (added by 9 students). The questions then arise: W ere 
th e se  idea  units part of earlier p h ases?  And if so, why w ere th ese  
id eas  not integrated into earlier concept m aps?
By reviewing th e  transcrip ts it w as found tha t th e  c lass  
d iscussions during Part B of the exploration phase  included all th ree  
of th e se  ideas. The discussion centered around the  studen ts’ 
observations of the  enclosed aquarium. The aquarium had been  filled 
with 7cm of w ater and  covered with plastic wrap. A h ea t lamp w as 
then  placed at one end  of the aquarium and left overnight. The 
s tuden t observations included: the w ater level had d ec rea sed  to 
6.8cm , w ater droplets had formed on the  inside of the  plastic wrap, 
no droplets were found at the  end closest to the heat lamp.
T he following excerpt w as taken from the c la ss  discussion;
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therefore , all s tuden ts  heard  the  following dialog;
Ms. R: you noticed there w as m oisture on the  side aw ay from 
the  light. . . Who has an idea why?
Laurie: T here  is no moisture on th e  side c losest to th e  light 
b ecau se  It w as too  hot and  th e  light m ade it too hot to 
condense.
Ms. R: Very good! . . .From where did the moisture that 
condensed  on the side on the com e?
Kevin: Evaporation.
Ms. R: Evaporation from where?
Kevin: Inside the  container.
Ms. R: Danielle, what is happening to the water a s  it evapo ra tes 
and  then it starts to hit a  cool surface?
Danielle: It condenses.
Ms. R: W e have a lot of condensation . . .  On top inside the  
plastic wrap. . .If you touch th e  plastic w rapper a  lot of 
th e  w ater droplets turn to g e th er and drift into the  tank. . 
W hat would we call that if th e  w ater droplets fall?
June: Rain
Ms. R: Could we call that precipitation? That’s one  of our
8 2
vocabulary words for today.
It can be se e n  from this excerpt the all three idea units were 
included in the  exploration discussion: the  w ater in th e  tank had  
evaporated , condensation on the  top cam e from evaporation, 
precipitation resu lted  from condensation , and  tha t th e  precipitation 
fell back  into the  w ater a t the  bottom of the  tank. However, 
although the  idea units a re  included in the  discussion, it w as never 
explicitly s ta ted  tha t one leads to th e  other.
T he  sam e th ree  idea units w ere also included in the term 
introduction “idea page” discussion. This d iscussion took p lace the 
day after th e  studen ts had com pleted the  idea  page in their small 
groups. The following excerpt w as taken from the c la ss  d iscussion  
to  en su re  that all studen ts had heard the  dialogue exchange.
Ms. R; you have a  puddle and what in the  environment is 
providing heat?
All: Sun.
Ms. R: The sun, what does the heat cau se  to happen?
All: E vaporate.
Ms. R: And once the w ater Is evaporated and it’s  in the  air, it 
cools off and it does what, Michael?
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Michael: It condenses and m akes a  cloud.
Ms R: And what does it do when it condenses?  A lot of w ater 
droplets . . . They get heavy and gravity pulls them  down, 
w hat do we call that?
Jan e : “Rain, precipitation.”
It can be  seen  from this excerpt that all th ree  ideas w ere 
reinforced by th e  classroom  discussion: w ater evapo ra tes, th e  
evaporated  w ater condenses, and  condensation c a u se s  precipitation.
It can  also  be se en  that the teacher used scaffolding to build on 
th e s e  th ree  basic ideas to include the  idea that tem perature  changes 
c a u se  evaporation and condensation. Later in the  sa m e  discussion 
the  c lass further considered how evaporation, condensation and  
precipitation related to one another.
Ms. R: “Look at the ecosystem  over here (teacher w as referring 
to the  ecosystem  that the students had observed  in the  
exploration phase) how does it relate to  w hat h ap p en s to 
w ater in a  pond.”
Becky: “It relates because the water evaporated  and co n d en ses 
and then it rains.”
Ms. R: “What do we call that? Evaporation and condensation
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an d  precip ita tion?”
John: “The w ater cycle.”
Ms R: “What conclusions can you m ake about what happens to 
th e  repeated  process of w ater in n a tu re?”
Am anda: T h e  water cycle never ends.”
David: T h e  w ater is recycled.”
Joelle: “W ater is used over and over.”
David: “It is an everlasting cycle.”
It can  again be seen  from this third excerpt that all th ree  
id ea s  w ere reinforced by the  classroom  discussion: evaporation, 
condensation  and precipitation a re  all part of a  continuous p rocess . 
T he th ree  ideas w ere again covered a t the  conclusion of the  
expansion  p h ase . The following excerpt w as from the video that the 
te a c h e r  u sed  a s  a  review for the  unit.
“W ater is always moving all around the  earth  in som ething 
called th e  w ater cycle. So let’s  start right here, w here w ater 
is a  liquid it’s  in the ocean  or a  lake. Anyway, som ething 
that’s  making a  change, runs a liquid into a  vapor. Heat com es 
from th e  sun . When w ater goes back into the  air we say  it 
evaporates. Evaporate. So look right here when it is
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evaporated  it’s  invisible. Isn’t that cool? So  when it g e ts  up
here , it cools off, and turns into a  liquid, w e call tha t 
condensation. It condenses. . . What m akes this vapor 
return to the  earth a s  water? The rain, that’s  right. Let the 
w ater turn into a  liquid, or rain. That’s  called precipitation. 
Now precipitation is when w ater falls like rain, s lee t, o r snow 
or hail. It falls down and collects in like a  lake or stream . It
swirls to  the  s e a  to  start the  cycle all over again .”
From th ese  four excerpts taken from the tea ch e r and student 
classroom  discussions and video review tape  it can  be  estab lished  
the  th ree  id ea  units: evaporation leads to condensation, condensation  
lead s to  precipitation, and that precipitation lead s  to evaporation, 
w here included in each  of the  three learning cycle p h ases . In 
addition, it is also noted that since the classroom  discussion  
excerp ts w here taken from discussions of the  sm all group lab sh e e ts  
it is p resum ed that th e se  ideas were also d iscussed  in som e m anner 
by each  of the  small groups. Therefore, each of th e  studen ts had 
been  exposed  to multiple conversations within their groups and 
within the  classroom  during each learning cycle p h ase . However, the 
significant inclusion of the  three units did not tak e  p lace until after
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the  expansion p h a se  concept map on the seventh  day of th e  w ater 
cycle unit. This would infer that the students did not accom m odate, 
integrate, and organize the  new concepts into their conceptual 
fram ework until after th e  expansion.
T h ese  findings a re  in conflict with previous findings (R enner, 
Abraham , & BIrnie, 1988). This previous study involved secondary  
school physics c la sses . T he research was designed to te s t the  
necessity  of the  experience of all three p h a ses  of a  learning cycle 
unit. S tudents in the  experim ental and control groups w here given 
C oncept Achievement T ests  before and at the  completion of each  
p h ase . T he resea rch e rs  reported “the expansion-of-the-idea phase  
of th e  learning cycle se em s unnecessary”. T he question then  arises: 
How can  th ese  two studies appear to be so  diametrically opposed?
T he first obvious variation betw een the  two stud ies is the  
difference in the  ag e  groups of the  two studies. The p resen t study 
utilized sixth g rad e  stu d en ts  while the  previous study u sed  twelfth 
grade physic students. T hese  two groups vary imm ensely in their 
ability to  think a t a  formal level. According to Piaget, formal 
operational thought only begins to be apparent at about ag e  12 and is 
consolidated during adolescence. Ginsburg and O pper (1969)
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interpreted Piaget’s  theory to  m ean that “the ado lescen t can 
imagine th e  many possibilities inherent in a  situation. Unlike the  
concrete-operational child, w hose thought is tied  to  the  concrete, 
th e  adolescen t can transcend the immediate here  and  now”(p. 181).
As a  result, a  twelfth g rade  student, especially th e  typical physics 
student, is significantly m ore advanced than a  sixth g rader in his 
abilities to  think independently and predict outcom es. T he expansion 
p h a se  is intended to  extend the  students’ new id eas to o ther related 
ideas and  aid in the  organization and integration of the  new  ideas 
with previous knowledge. Therefore, this accom m odation and 
integration may not occur until the  more concrete studen t h a s  the  
opportunity to reinforce, extend, review, and apply the new concepts 
to  other situations. The expansion phase  may b e  a  fundam ental 
com ponent which is necessary  for integration to occur in the m ore 
concrete  learner.
T he second difference between the  two stud ies is the  m ethod 
of assessm en t. The Renner, Abraham, and Bemie (1988) study 
utilized a  Concept Attainment T est, which w as a  written multiple- 
choice tes t, while th e  presen t research used concept m apping 
techniques. R esearch  in the  comparison of the two types of
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a sse ssm e n t have had mixed results. However, Novak, Gowen & 
Jo h an sen  (1983) have reported a  correlation close to  zero  betw een 
m apping and multiple-choice tes ts . T he re sea rch e rs  therefore  
specu la ted  tha t th e se  two types of a s se ssm e n ts  m easu re  different 
types of learning. O ther researchers have found that concept m aps 
w ere m ore sensitive to changes in knowledge than  m ultiple-choice 
te s ts  (W allace & Mintzes, 1990). It is a lso  possible th a t multiple- 
choice te s t  questions and multiple answ er cho ices could cue the  
s tuden ts’ m em ories of the  concepts covered in previous p h ases . The 
s tu d en ts’ response  may be interpreted a s  th e  attainm ent of a  
concept when the  student may not have truly integrated and 
organized the new concept into his existing organizational 
framework. In com parison, the concept m apping technique utilized 
in this study only provided the  student with a  blank sh e e t of paper 
and the  only cue given w as the teacher’s  instructions to  “draw a  
concept m ap over the  w ater cycle”. Therefore, the  concept m aps 
w ere m ore represen tative  of the studen ts’ own structural 
complexity and  organizational patterns.
W hile quantitative findings indicated th e  necessity  of th e  
expansion p h ase  for a  significant num ber of studen ts, it is also
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im portant to  recognize the  diversity am ong th e  s tu d e n ts’ pa tterns of 
conceptual developm ent. For example, two of the  sam e idea units 
th a t w ere listed before a s  the  most often added  a t the conclusion of 
the  expansion phase  were also  added a t the conclusion of the  
exploration phase  by many of the students. T h ese  idea units were: 
evaporation leads to condensation (added by 20  students), and  
condensation  leads to  precipitation (added by 19 studen ts). Fifteen 
of th e s e  studen ts added both of these  idea units during th e  expansion 
phase.
This diversity of concept acquisition d o es not support the  
linear m odel of th e  learning cycle tha t eq u a tes  s tu d en ts’ m ental 
functioning to  the  cycle p h ase  by phase . That is, exploration is 
e q u a ted  to  assim ilation and  disequilibration, term  introduction 
eq u ated  to accom m odation, and  expansion is equated  to organization 
(Marek & Cavallo, 1997). While this model may represen t the  
theoretical basis for the structure of th e  learning cycle, it should 
not be  taken  a s  a  literal correlation of s tu d en ts’ m ental functioning 
p ro cesses . This research  revealed a  num ber of studen ts did not 
p rog ress through th ese  s ta g e s  a s  defined. T hat is, specific concepts 
w ere  in tegrated  into s tu d en ts’ conceptual fram ew orks during
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different p h a se s  of the  learning cycle, and an individual studen t may 
in tegrate  concep ts at different tim es regard less of their tim e of 
introduction during the  cycle. Therefore, the  rate of assim ilation, 
disequilibration, accom m odation, and  organization is a  very dynam ic 
and individual internal process. This view of concept developm ent is 
supported  by Shym ansky’s  et. al. (1997) description of conceptual 
attainm ent a s  “a  p e rso n a l restructuring of one’s  conceptual 
fram ework in a  dynamic process” that is therefore, a  “punctuated, 
saw -toothed, conceptual growth p ro cess”(p. 571).
The second  question that guided this study w as; How is the  
developm ent of th e  individual studen ts’ concept m ediated by 
classroom  d iscussions and the s tu d en ts’ small cooperative learning 
group? T he qualitative information obtained from the  focal group 
w as utilized in this section of the  d a ta  analysis.
W hen th e  sum m ary charts of the  exploration, term, 
introduction, expansion, and retention m aps (found in tab les  XIV- 
XVII) where reviewed it was found that only Van and Lora included 
ideas that w here teach er m ediated alone. The other two focal group 
s tuden ts, Becky and  Kevin, only incorporated idea units tha t w ere 
partially or wholly student m ediated.
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S tudent interactions w ere analyzed for idea unit origin and 
studen t mediation in order to better understand the  Impact of the  
mediation process within th e  small group. Since Van had been 
assigned  a s  Lab Captain he  read the lab sheet questions and asked 
for group responses. It w as noted that he always called on either 
Becky or Kevin w henever h e  asked for a  response from a  group 
m em ber by nam e. It w as also noted that all of the  identifiable idea 
units tha t originated within the focal small group originated with 
e ither Kevin or Becky. All of Lora and  Van’s  identifiable com m ents 
within th e  small group fell into one of four different categories: (a) 
reading directly from the lab sheet, (b) asking questions to  which 
Kevin and  Becky responded, (c) restating of an  earlier com m ent m ade 
by Kevin or Becky, or (d) making an off task com m ent (from Van).
T he following excerpt, taken from the transcrip t of the  third 
day of the  learning cycle, is an exam ple of a  typical sm all group 
in te ra c tio n .
Van: (Reading from th e  lab sheet) “O bserve the  side  and top of 
your container carefully. Record your observations.” 
(Looking up) “W hat did we observe? Becky w hat did you 
s e e ? ”
9 2
Becky: “My observation Is that there is m oisture on th e  side
of the  container and the top of the  container.”
Lora: (Repeating a s  sh e  writes down the answ er) “T here  is 
moisture on the side and on the  top of the  container?” 
Kevin: “T hat's not exactly or entirely true. My input is the  
there  w as only moisture on the  side that w as furthest 
from the light and on the top furthest from the light.” 
Van: (Again reading from the lab sheet) “O ne side  of your 
container w as nearer the light than th e  other side. W hat 
differences do you observe in th e  am ount of w ater you 
find on the  sides of the  container?”
Kevin: “The part closest to the light doesn’t have any w ater on 
it. The part furtherest from the  light h a s  a  whole bunch 
of m oisture on it.”
Van: (R estating Kevin’s  earlier com m ent) “All right, my input 
is that th ere  is only moisture on the side  that w as 
furthest from the  light on the top .”
It is also noted that Kevin and Becky would reprimand Van at 
tim es to be  quite or to  stay on task. In the  post interview Kevin 
recounted the  group interactions by stating: “Basically we did the
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questions on our own when we read  the question, or one of us would 
answ er while the  teach e r was talking and one  of us would be goofing 
off during c lass time - which would be Van who w as goofing off.”
R esearch  on student equity in traditional sc ience  c lassroom s 
w as recently conducted by Bianchini (1997). She reported that 
s tu d en ts  hold tightly to  their conceptions of p eer intelligence and 
often develop a  c lear s ta tu s or “pecking o r d e r  within their small 
groups. T he study also  reported that studen ts tha t w ere perceived 
a s  being le ss  intelligent a s  others in the  group w here excluded from 
participation during group work and  seen  a s  unable to  provide 
intellectual insight, rarely asked  to  voice their opinions, or allowed 
to  do little substan tive  work. Ironically, it w as a lso  reported that 
th e se  stu d en ts  a re  not a s  incom petent a s  their fellow group 
m em bers believed. It w as also noted that th e  s tu d en ts’ s ta tu s  
within the  group significantly correlates with th e  rate  of on-task  
talk.
The p resen t research  substan tia tes th e se  findings. It is easily 
s e e n  from transcrip ts  tha t different pa tte rn s  of interaction took 
place betw een the  students within the small group. As an exam ple 
of a  low-status student, Van clearly had taken  on the  role of the
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le ss  intelligent and le ss  responsible studen t in th e  following ways:
(a) he  rep resen ted  himself as "stupid” to the small group and the  
teacher, (b) he  presented  himself a s  a student with a  poor work 
ethic by revealing that he w as often late to c lass, (c) a t one point in 
th e  sm all group discussion he confided to the small group that he 
had  “ditched” c la sses  earlier in the  day, and (d) w as obvious w hen he 
copied from others.
In contrast Kevin and Becky where treated  with a  higher regard 
by the  o ther two students in the  group. This w as evident in several 
ways: (a) Van repeatedly called on them by nam e for answ ers, (b)
Van and Lora copied answ ers from both of them , and (c) all the  
studen t m ediated idea units tha t were included by small group 
m em bers originated with either Kevin or Becky.
It is interesting to note th a t when the  qualitative sum m ary 
chart of retention m aps and previous map origin (Table XVII) w as 
com pared  to  the  interview sum m ary chart (Table XVIII) and the 
individual sum m ary charts (Tables XIX through XXII) it w as 
d iscovered tha t Becky, Van, and Lora all attributed the  identified 
knowledge th a t they had gained in the learning cycle to the  
laboratory experiences in phase 1 of the learning cycle. Only Kevin,
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who actually originated the  majority of idea units within the  small 
group, identified the  origination of the  ideas a s  coming from th e  
group d iscussions.
In order to be tter understand how teacher-studen t interaction 
within the  classroom  discussions might impact on the s tu d en ts ' 
tendency  toward th e  inclusion of the teacher-m ediated  idea  units 
th e  small group transcrip ts w ere again reviewed. It w as discovered 
th a t the  four s tu d en ts  fell into two distinctive c la sse s  of teach e r- 
s tu d e n t in teractions. The first classification of in teractions, 
te rm ed  non-engaged , involved superficial interactions betw een the  
s tu d en ts  and  the teacher. The second classification of student- 
te a c h e r  interactions, term ed learner-engaged , involved te a c h e r 
scaffold questions and  positive feedback.
It w as discovered that Van and Lora, the two students who 
included the  teacher-m ediated ideas in their m aps, w ere both 
classified a s  non-engaged. Transcripts revealed tha t Van and Lora 
never raised their hands to answ er a  question in c lass discussion. It 
w as also  noted that the  teach e r m ade very little direct contact with 
th e s e  two students and  what contact that w as m ade w as a  limited 
low-quality interaction. T eacher-studen t contact with th e s e  two
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studen ts w as found to  be limited to one of th ree  categories: (a) a  
direct question from the teacher, (b) the te a ch e r trying to  direct or 
redirect th e  student back to task  (Van) or (c) a s  a  discipline 
interaction (again Van).
An exam ple of category “a” the direct question, w as a  teach e r 
student interaction found in phase  one. At this point the small group 
w as discussing their observations of condensation on a  beaker and  
th e  teach e r walked up behind the group to observe.
Ms. R. (talking to Lora in small group setting) “Are you 
d iscu ssin g ?”
To which Lora responded: “Yes, we d iscussed  th e se  th ree.” 
(referring to th ree  lab questions)
An exam ple of category “b” directing th e  studen t, w as found in 
phase  two.
Ms. R. (Talking to Van) “Now, Van, you're in charge of reading 
the  questions out loud and getting everybody’s  input (Van 
w as the assigned Lab Captain of the group) before you 
answ er your question.” Van then began  reading the  
questions to the group.
Another exam ple of category “b” redirection of the  student,
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w as found in the  transcripts of phase  one. T he teach er had again 
walked up behind the  small group to observe.
Ms. R: (talking to small group setting) “Okay, from w here did 
this w ater on the side com e? Does anybody e lse  have an 
idea here?  Share. . .Share.” (Van appears to be distracted 
with ano ther group). “Van, read it loud and  clear.”
To which Van responded: “From a  g as that’s  a  little bit of
the  w ater cycle, is all I could think of” (Other m em bers of 
th e  small group laugh). “Hey don’t  laugh. I’m stupid 
b ecau se  I want to be.” At which point the teach e r walked 
on to the  next group.
C ategory “c”, a  discipline interaction, w as recorded on day 
four of the  study w hen Van had been counted ab sen t earlier in the
day when Ms. R. had covered another teacher’s  class.
Ms. R.: “Van. You weren’t in c lass this morning.”
Van: “Yeah, I was. Yeah, I was. I cam e in late. I thought you
saw  me. Am I still counted a s  a b se n t? ”
Ms. R: “Did you check into the office?”
Van: “The bell rang when I w as in the  hall.”
Ms. R: “You didn’t get to class on tim e? Is that what you are
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say ing?”
Van nods yes.
In contrast to Van and Lora, Becky and Kevin did not include 
any idea units that had been mediated by the  teacher alone. They 
only incorporated idea units into their concept m aps that had  been 
partially or com pletely studen t m ediated. A vast difference w as 
found in th e  teacher-studen t interactions with th e s e  two studen ts  
com pared  to  th e  teacher-studen t interactions described  earlier with 
Van and Lora. Both Becky and Kevin were classified a s  learner- 
engaged . It w as also noted that Becky and Kevin raised their hands 
and  volunteered answ ers often during classroom  d iscussions. Kevin 
w as usually correct in his scientific explanations and  dem onstrated  
logical thought pa tterns even when dem onstrating an  a lternate  
concept. Becky, though often incorrect in her answ ers, w as still 
treated  in a  positive m anner. The teacher responded to her answ ers 
using either positive verbal cues or positive body language. As a  
result, sh e  w as willing to  repeatedly take the  risk of giving an 
incorrect an sw er in classroom  discussions.
An exam ple of teach er scaffolding betw een th e se  two students 
w as found in the  transcrip ts of the classroom  discussion of the
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beaker of water.
Ms. R.: “W here does the water on the  outside of the beaker 
com e from?” (Kevin ra ises hand)
Kevin: “C ondensation”
Ms. R.: “Okay, but where does the w ater actually com e from.” 
(Becky ra ises  hand) “Becky.”
Becky: “W ater evaporates from the inside and condensa tes on 
the  ou tside.”
Ms.R.: (Ms. R. sm iles) “Did the water that we put in the  beaker 
have time to  evaporate?”
Kevin: “No, it com es from the g a s  in th e  air.”
It can b e  se en  from th ese  excerpts that the studen t-teacher 
in teractions with Van and Lora w here significantly different than  
the  s tu d en t-teach er interactions with Kevin and  Becky. It is also 
noted that Van and Lora had the highest two average sco res on the 
concept m aps when com pared to the  teach er criterion m ap. This 
a sp e c t com bined with the  inclusion of teach e r m ediated idea units 
m ay imply that they were more oriented to the  teach e rs  
expecta tions in term s of w hat they felt w as important to include in 
their concept m aps.
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w ithin this research  a c lear pattern of s tu d en t-teach e r 
Interaction and the  sta tu s  within the small group can  be se e n . T hose 
s tu d e n ts  who had non-engaged, low quality, s tu d en t-teach e r 
Interactions w here a lso  the  stu d en ts  tha t w ere trea ted  a s  lower 
s ta tu s  by the  small group m em bers. In contrast th e  two studen ts 
who w ere  leam er-engaged and had  a  high quality of s tuden t-teacher 
In teractions w ere the students trea ted  with high s ta tu s  by th e  group 
m em bers. W hether or not this pattern would be a  trend found other 
cooperative  learning groups or If th e se  findings rep resen t an  
anom alous finding Is unknown. To the  best of this research er’s  
know ledge th e  Inter-relatlonshlps betw een te a c h e r  m ediation, 
s tuden t mediation, and student concept developm ent h as not been 
previously Investigated. N onetheless, this resea rch  found th a t the  
com bination of studen t-teacher Interactions and  th e  s tu d e n ts  s ta tu s  
within th e  group ap p ears  to  have greatly Influenced what Idea units 
th e  Individuals within the  small group Integrated Into their 
concep tual framework a s  represen ted  by their concept m aps.
T he third question that guided this study w as: How stab le  are  
the  Individual studen ts’ concepts over tim e? T he repeated  m easu res 
MANCOVA (reported In Table XI) that w as perfonned on the  combined
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concep t m aps and  multiple-choice te s ts  results indicated tha t 
s tu d en ts’ conceptual understanding decreased  from the  tim e of th e  
expansion  until th e  time of the  retention te s t six w eeks later. 
S epara te  ANCOVAs that were performed (reported in T ab les IX and 
XII) indicated that both m easu res contributed to this variability in 
studen t concep t knowledge. Therefore, statistics revealed  a  
significant d e c re a se  in the retention of the  concep ts developed  
during th e  w ater cycle learning cycle when m easured  by both the  
concept m apping technique or the m ore traditional te a c h e r developed 
multiple choice tes t.
This d e c rea se  in the retention of concep ts over tim e is an 
indication that not all of the  new concepts introduced in th e  learning 
cycle unit resu lted  in the  assim ilation, disequilibration, 
accom m odation and  integration into th e  learner’s  organizational 
fram ework a s  intended. It is possible that s tuden ts may have only 
m em orized certain concepts in a  rote fashion for a  brief period of 
tim e ra ther than  truly assim ilating, accom m odating the  concep ts  
and integrating them  into their conceptual fram eworks. T he 
s tu d en ts’ failure to integrate th ese  new ideas into the ir conceptual 
fram ework could result in students reverting back to the ir previous
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knowledge in some areas.
This lack of conceptual integration may have also been  the 
result of the  curriculum. The type of methodology utilized in this 
resea rch  w as a  descriptive leaming cycle. In a  descriptive learning 
cycle s tu d en ts  ga ther da ta  which generally requires only the  
observation  and identification of descriptive pa ttern s without any 
a ttem pt to  explain their observations or why the phenom ena takes 
p lace. In contrast, empirical-abductive learning cycles take  this 
basic  cycle pattern and further require the  student to genera te  
possible explanations of the observed pattern. This requires the  
tran sfe ren ce  of concepts learned in o ther contexts to be transferred  
to  new applications. The hypothetical-deductive learning cycle 
tak e s  this a  step  further and requires the student to design and 
conduct experim ents to test their explanation. It is possible tha t in 
a  descriptive leam ing cycle the  student is not a s  actively engaged  in 
the  rationale of the  experim ent and therefore does not integrate all 
of th e  concep ts into his conceptual framework. It is interesting to 
no te  that learning cycle research is often extrapolated to m ake 
in ferences on all types of learning cycle implementation regard less 
of the  type of cycle utilized in the study. However, it is feasible
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th a t resu lts may be  different depending on the  type of leam ing cycle 
im plem ented.
A nother possib le explanation for studen ts lack of conceptual 
integration may have  been  the  result of the brevity of th e  unit and 
th e  lack of reinforcem ent of th e  concepts over time. T he  learning 
cycle curriculum u sed  in this study did not continue to  in tegrate the  
concep ts  used  in this unit in later units covered.
This research  is unique in that it investigated th e  lack of 
retention of the  learning cycle concepts them selves. T he  utilization 
of the  learning cycle m ethod significantly restricts th e  num ber of 
concep ts  to  be taught when com pared to  traditional sc ien ce  teaching 
approaches. Consequently, one of the major concerns of 
im plem enting th e  learning cycle method is w hether or not it allows 
for a  sufficient num ber of concepts to be  included in th e  curriculum. 
The NARST Monograph (Lawson, Abraham, & Renner, 1989) of leaming 
cycle research  reported that “this reduced coverage should  be m ore 
than  com pensated  for by increased understanding and retention” (p. 
84). However, p a s t research  on the effectiveness of th e  learning 
cycle h a s  focused  on the  retention and transfer of thinking skills 
rather than  content retention (Renner et al., 1973; Lawson e t al.,
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1989). While it is not argued that thinking skills a re  an  important 
a sp e c t of intellectual growth, the  necessity  of the  acquisition and 
retention of the  concepts them selves should not be overlooked.
Implications of the  Study 
T each ers  m ust b e  aw are that learning cycle sc ien ce  concept 
a s se s s m e n ts  may be significantly influenced by studen t reading 
level. This finding, in addition to past reading research , h a s  several 
im plications. First of all, resu lts indicate tha t the  integration of 
instruction of critical sc ience  reading skills with th e  learning cycle 
could significantly increase  concept attainm ent a s se s sm e n t sco res . 
This could be especially vital at the  elem entary and middle school 
levels. T herefore, the  im plem entation of critical sc ien ce  reading 
skills should be  integrated into tea ch e r education sc ien ce  m ethod 
c la sse s . Secondly, researchers should study learning cycle concept 
a s se s s m e n t tools to  determ ine if alternative a sse ssm e n ts , su ch  a s  
oral testing , would result in more equitable sc ience  concept 
a s se s sm e n t regard less of student reading level. In the  interim, 
practitioners should also  consider student reading level and  utilize 
a lternate  a sse ssm e n ts  in order to have a m ore accurate  and 
equ itab le  a sse ssm e n t of individual s tu d en t’s concept attainm ent.
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T he differentiation betw een th e  leam ing cycles’ p h a se s  and 
s tu d e n ts’ actual rate of concept developm ent has definite 
ramifications. Further research  should be conducted in learning 
cycle c lassroom s to ascertain  th e  differences betw een th e  ra te  and 
retention of concep t developm ent within the  descriptive learning 
cycle. In addition, the  practitioner m u st a lso  be aw are that although 
a  concept h as  been explored and the  term s introduced, s tu d en ts  may 
not have assim ilated, disequilibrated and accom m odated th e  concept. 
The te a c h e r  m ust therefore be sensitive to  individual ra tes  of 
concep t developm ent within the  learning cycle framework.
Fortunately, th e  tea ch e r h a s  the  opportunity to im plem ent different 
s tra te g ie s  to  utilize th e s e  individual differences in s tu d e n ts ’ 
concept developm ent a s  an a sse t in student leam ing. For exam ple, 
the  tea ch e r can  structure the  questioning techniques used  within the  
classroom  d iscussions to  help studen ts  scaffold on their various 
existing conceptual framework to include new concepts. In addition, 
the  teach e r can  give the  studen ts th e  opportunity to learn in 
collaboration with m ore capable  p e e rs  by encouraging studen t 
interaction during small group d iscussions.
S ince this research  w as investigative in nature, it is not
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possib le  to m ake definitive conclusions on teacher-studen t 
m ediation and its impact on small group collaboration. However, 
s in ce  a  clear correlation was found in the focal group this a sp ec t of 
concep t mediation should be further researched . The findings of this 
type of research  would have a definite effect on leam ing cycle 
te a c h e r  training and implementation in the classroom . In addition, 
th e  focal group observations m ade in this research  would indicate 
th a t non-cognitive assigned  roles do not contribute to  equitable 
s tu d en t interactions within the  group. Therefore, re sea rch e rs  and  
practitioners should also search to find a  way to insure more 
interaction betw een all m em bers within the small groups.
T he investigative nature of the  research  also restricts th e  
conclusions that can be drawn on learning cycle concept retention. 
However, future research  should explore th is phenom ena, not only 
with th e  age  group and descriptive type of leaming cycle 
investigated  in this study, but a lso  with em pirical-abductive, and 
hypothetical-deductive types of learning cycle and how they 
com pare  in concept retention to m ore traditional types of teaching 
m ethodologies. Past research  has implied that results found in 
leam ing cycle studies are applicable across all th ree  types of
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leam ing cycles however, this may not be true. It is possib le  that 
em pirical-abductive or hypothetical-deductive learning cyc les  
would be m ore effective m ethodologies in facilitating s tuden t 
developm ent and retention of concepts. The leaming cycle 
m ethodology is very tim e consuming and expensive to implement 
within th e  classroom . Therefore, the lack of concept retention found 
in th is study is a significant concern and should be considered  when 
im plem enting leam ing cycle curriculum. It is noted tha t previous 
re sea rch  h as  found th e  leam ing cycle to facilitate p ro cess  skills and 
critical thinking skills however, further research  should be  done  to 
a sce rta in  th e  extent th e  learning cycle is needed  to develop th ese  
skills. It is possible that learning cycle m ethods could be  in tegrated 
with o th er m ethods of instruction and result in a  curriculum  which 
is still effective in teach ing  p rocess skills and  critical thinking as 
well a s  being much m ore economical and m ore time efficient.
Significance of the  Study 
R esults from this study have built on the knowledge gained 
from previous research ers  exploring the  construction of concep t 
developm ent and cooperative leaming (Bianchini, 1997; C lem inson,
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1990; Lazarowitz, Hertz-Lazarowitz, & Baird, 1994; Lumpe & 
S taver,1995; Richmond & Striley, 1996; W andersee , Mintzes, &
Novak, 1994). The study contributed to g rea ter understanding of how 
sixth g rade studen ts use  knowledge from a  learning cycle sc ience 
laboratory  investigation to negotiate  m eaning in a  collaborative 
cooperative learning group. The study a lso  provided information 
abou t the  ways in which studen ts construct and  retain concepts a s  a  
result of their classroom  interaction in th e  context of sc ience  
education . Unfortunately, the  vast majority of existing sc ience  
research  involves college or high school sc ience  studen ts. 
C onsequently , th e  extrapolation of th ese  findings to  an elem entary  
level are  both questionable and laborious. Therefore, the 
inform ation gained  from this study is extrem ely beneficial in the  
realm  of elem entary science education and research .
In addition to adding to  the  body of previous research  
know ledge, findings from this research  can also  inform th o se  who 
teach  in th e  elem entary science classroom . Knowledge of th ese  
is su e s  will enab le  te a c h e rs  to encou rage  beneficial interactions 
within th e  c lassroom . This information is particularly im portant 
for th e  education of upper elem entary studen ts since th e se  children
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a re  in a  period of m etam orphosis of their cognitive developm ent.
Many upper elem entary studen ts a re  fundam entally concrete  thinkers 
and a re  therefore in a  s ta g e  of transform ation of their 
m etacognitive stra teg ies, or the ability to  think about their own 
thinking and reasoning processes. As a  result, they a re  often unable 
to fully articulate what is happening within their evolving 
conceptual framework from a  formal perspective. T herefore, if we 
a re  to  gain a  fuller understanding of their mental p ro ce sse s , it is 
im portant to closely observe and analyze th o se  a sp ec ts  of the  
thinking m echanism s that a re  observable. This research  yielded 
further information concerning th ese  evolving mental p ro c e sse s  and 
th e  part classroom  discussions and collaborative g roups play within 
th e  learning cycle framework.
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Appendix A 
T e s ts
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Investigation 15 
T est A
1. T he depositing of m oisture in the  form of snow  is called
(a) the  w ater cycle
(b) evaporation
(c) condensation
(d) precipitation
2. T he repeated  process of evaporation, condensation, and  
precipitation is called
(a) an  interaction
(b) an ecosystem
(c) a  w ater cycle
(d) an  open circuit
3. T he change from a  liquid to a  gas is called
(a) th e  w ater cycle
(b) evaporation
(c) condensation
(d) precipitation
4. T he change from a  g as to  a  liquid is called
(a) the  w ater cycle
(b) evaporation
(c) condensation
(d) precip itation
5. T he w ater level in an aquarium going down is an exam ple of
(a) evaporation
(b) condensation
(c) precipitation
(d) none of the  above
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6. Snow  falling on a  cold day is an exam ple of
(a) evaporation
(b) condensation
(c) precipitation
(d) seeding
R efer to  the drawing below to answ er questions 7 - 1 1
So A '
S -n a k c  
LJa-V e v
7. If this ecosystem  has been se t up over night what would you 
expect to se e  on the sides and top of the  container.
(a) dirt
(b) drops of m oisture
(c) growing sp o res
(d) evaporation
8. W here would the  tem perature in this ecosystem  be th e  coo lest?
(a) along the top of the system
(b) the lower right side close to the  w ater
(c) wherever th e  snake is located
(d) on the lower left side close to the p lan ts
9. This drawing represents
(a) a  closed circuit
(b) a  m agnetic field
(c) a  closed ecosystem
(d) an open ecosystem
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10. You would find the majority of the condensed moisture located
(a) on the  side  of the container opposite from the light
(b) on  the  side of the container closest to the light
(c) on the  soil
(d) th e re  will be no condensed  moisture in the  aquarium
11. W here does the condensed moisture come from?
(a) T he outside air
(b) th e  pool of water inside the  container
(c) th e  plants inside the  container
(d) Both b and c are correct
R efer to  the  drawing below to answ er questions 12 - 15.
12. T he drawing above represents
(a) th e  w ater cycle
(b) condensation
(c) precipitation
(d) evaporation
13. Num ber 1 in the drawing above represents
(a) evaporation
(b) condensation
(c) precip ita tion
(d) none of the  above
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14. Number 2 In the  drawing above represents
(a) evaporation
(b) condensation
(c) precipitation
(d) seed ing
15. Num ber 3 In the drawing above represents
(a) evaporation
(b) condensation
(c) precipitation
(d) seed ing
16. In the  p rocess of evaporation liquids change to
a . solid
b. w ater
c. a  vapor
d. liquids do not evaporate
17. How could you prove evaporation using an aquarium  half filled 
with w a te r?
a. By adding Ice and observing the w ater level raise
b. By sealing the aquarium and observing th e  m oisture forming
on the  Inside of the  aquarium.
c. By letting the aquarium  sit for several days and marking the
w a ter levels
d. All of the  above
18. Fog is an  exam ple of:
a . evaporation
b. condensation
c. precipitation
d. Interaction
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19. Explain why “s w e a f  forms on a  cold can of pop?
a. The can w as just taken out of the  cooler.
b. It is colder outside the  can than inside the can.
c. It is colder inside the can  than outside the can.
d. T he inside tem perature of the  can is the sa m e  a s  th e  outside
te m p e ra tu re .
20. Rain is an exam ple of
a. Evaporation
b. C ondensation
c. P recip itation
d. Interaction
21. An exam ple of precipitation is
a. Drops of w ater on the outside of a  cold McDonalds cup
b. Rain
c.. T he puddle on a  sidewalk disappearing
d.. Clouds
22. Which of the  following is a  part of w ater cycle?
a. Evaporation
b. P recipitation
c. C ondensation
d. All of the  above
23. Condensation is the change of
a. A g as  to a  liquid
b. A liquid to a  gas
c. A solid to a  gas
d. A solid to a  liquid
24. Fog is an exam ple of
a. Evaporation
b. P recipitation
c. C ondensation
d. All of the  above
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25. W hen “sw e a f  forms on a  cold can of pop on a  warm day, where
d o es the moisture com e from?
a. Inside the can of pop
b. From your hands
c. From the surrounding air
d. It will not form on a  warm day
26. H eat and  wind are  both factors in causing
a. Condensation
b. Evaporation
0 . Magnetism
d. None of the above
27. Cold and humidity are both factors in causing
a. Condensation
b. Evaporation
c. Magnetism
d. None of the above
28. Spilled water on the  floor tha t d isappears overnight is an 
exam ple of
a . evaporation
b. condensation
c. precipitation
d. none of the above
29. T he w ater cycle is
a . T he depositing of moisture
b. Changing a  liquid to a  gas
c. Changing a  g as to a  liquid
d. The repeated process of a, b, and c.
30. Which of the following situations is NOT an exam ple of the
p ro ce sse s  that occur in the w ater cycle?
a. Fog on a  mirror after a  show er
b. “Sm oke” when you exhale in th e  winter
c. Formation of clouds in the sky
d. All of the above are exam ples of the  p ro cesses in th e  cycle.
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Investigation 15 
Test B
1. W hat cau ses  a  liquid to evaporate?
a. Heat
b. Cold
0 . Humidity
d. P ressure
2. Which of the  following statem ents about evaporation a re  tru e?
a. When w ater evaporates it no longer exists in th e  ecosystem .
b. When w ater evaporates it becom es a  solid
c. When w ater evaporates it becom es a  liquid
d. When w ater evaporates it becom es a  g a s
3. Which of th e  following statem ents about the  w ater cycle a re
t r u e ?
a . It is a  never ending cycle
b. New w ater is constantly m ade during th e  cycle
c. Evaporation is not a  part of the water cycle
d. Both a  and b are true
4. W hen you go outside in the morning there may be w ater on the
plants. W hat cau ses  the water on the plants?
a. The plants m ake the water during the  night
b. The w ater has condensed on the plants
c. Both a  and b are  correct
d. Neither a  or b are  correct
5. Snow is an exam ple of
a. Evaporation
b. Condensation
c. Precipitation
d. Interaction
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6. Which of the  following a re  factors in the  w ater cycle?
a. T em perature
b. Humidity
c. Both a  and b
d. Neither a  or b
7. W hen warm air hits a  cold surface the w ater vapor in the  air will
a. condense
b. precipitate
c. evaporate
d. d isappear
8. W hat cau se s  w ater to evaporate?
a. heat
b. wind
c. cold
d. both a  and b cause evaporation
e . w ater d o es not evaporate
9. Dew on the  ground in the morning is an exam ple of
a . evaporation
b. condensation
c. precipitation
d. none of the  above
10. Which of the  following has no effect on the  rate of
c o n d en sa tio n ?
a . T em perature  of the air
b. Humidity of the  air
c. Both a  and  b have an effect on the rate of condensation
d. Neither a  or b have an effect on the rate of condensation
11. W ater drops on the outside of a  glass of cold iced te a  is an
exam ple of
a . evaporation
b. condensation
c. precipitation
d. none of the  above
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12. Moisture that ap p ea rs  when you breath on a  mirror is an  exam ple
of
a . evaporation
b. condensation
0 . precipitation
d. seeding
13. How does heat affect the  rate of evaporation?
a . It has no effect
b. It sp eed s  up the  rate
c. It slow s down the  rate
d. The hotter it is, th e  slower the  rate.
14. How does tem perature affect the  rate of condensation on a
window?
a. The b ig g er the  tem perature difference betw een  th e  inside
and the  outside of the window th e  fa s te r  the  rate  of 
condensation.
b. The sm a lle r the  tem perature difference betw een  th e  inside
and the  outside of the window th e  fas te r the  rate  of 
condensation.
c. The b ig g er the  tem perature difference betw een  th e  inside 
and the  outside of the window the  s lo w e r the  rate  of 
condensation.
d. The tem perature h as  no effect on the  rate of condensation.
15. W hat cau ses  a  g as to condense?
a. Heat
b. Cold
c. Sunlight
d. P ressure
16. C louds are  an exam ple of:
a. evaporation
b. condensation
c. precipitation
d. tem pera tu re
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17. T he earth  c rea te s  new w ater
a. Once a  year
b. Once every season
c. Only In the spring
d. The earth  never creates new water, it recycles the existing 
w a te r .
18. S leet is an  exam ple of
a . Evaporation
b. Condensation
c. Precipitation
d. Interaction
Q uestions 19 -25
Study the  picture below and fill in the  blanks with th e  correct word 
to explain the  diagram .
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Fill in th e  blank on your answ er shee t with the correct letter.
a . in teraction d. condensation g. gas
b. evaporation e. solid h. rains
c. precipitation f. liquid I. w ater cycle
W hen it ___ 19_______ , water soaks into the ground, rivers and
lakes increase and puddles form on the roads and sidewalks. This
p ro cess  is c a l le d  20______. a s  the  w eather clears,
 21_____ occurs a s  the  puddles disappear. The w ater h a s  becom e
a  22_______and is in the  air. Clouds a re  formed from the process
c a l le d  23____ . When the  clouds becom e full, th e  w ater becom es
a  24 and falls to the ground a s  rain. Thus, t h e  25___
s ta r ts  again .
26. An exam ple of condensation is
a . Drops of water on the  outside of a  cold McDonalds cup
b. Rain
c. S leet
d. The puddle on a  sidewalk disappearing
27. An exam ple evaporation is
a. Drops of water on the  outside of a  cold McDonalds cup
b. Rain
c. Fog
d. The puddle on a  sidewalk disappearing
28. Evaporation is the  change of
a. A g as to a  liquid
b. A liquid to a  gas
c. A solid to a  gas
d. A solid to a  liquid
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29. The w ater level in an swimming pool going down over a  period of
days is an  exam ple of
a. Evaporation
b. Precipitation
c. Condensation
d. All of the above
30. W hen you are  drinking a  g lass of cold lem onade on a  hot day
w hat would you expect to  se e ?
a. Condensation on the g lass above the  level of the  lem onade in 
th e  g lass
b. C ondensation on the g lass below the level of the lem onade in 
th e  glass.
c. C ondensation on the g lass above and  below the level of the 
lem onade in the g lass
d. No condensation will appear
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Appendix B 
Teacher Map
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Appendix C 
Interview Q uestions
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Interview Form at
1. First, I would like you to tell me everything you know about the 
w ater cycle. Explain it a s  if you w ere explaining it to som eone  
who had never heard about the w ater cycle before.
2. Is there  anything else you would like to add?
3. (Hand student a  copy of the map constructed a t the conclusion of 
the  unit) Here is a  copy of your last map. Can you explain to  me 
what you drew ?
4. (Hand student a  copy of the  pre-test map) Here is a  copy of your 
pre-test m ap. Can you explain to m e what you drew?
5. Look a t the  copy of your last map and  your first map. Do you se e  
any differences? What a re  the differences?
6. W here in the  unit did you learn each  of these?  Explain.
7. How m uch do you feel your group contributed to your 
understanding? Explain.
8. W hat a re  the  differences that you s e e ?
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Appendix D 
Perm ission  Slips
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University of O klahom a 
Informed C onsent Form
T he research  described below is being conducted under the  ausp ices 
of the  University of Oklahoma, Norman Cam pus. This docum ent is a 
formal request for permission form you and  your child to have your 
child participate a s  a  volunteer in th e  study described below.
I. TITLE: 
Within th e
In v e s tig a to r :
A cadem ic
Concept Mapping and Conceptual Developm ent
Learning Cycle
Lisa J . McWhirter, Doctoral C andidate 
D epartm ent of Instructional L eadership  and  
C urriculum  
College of Education 
University of Oklahom a 
Phone: 325-1498
Faculty Advisors:
C hairperson,
Curriculum
C urricu lum
Bonnie Konopak, Ph.D., Professor and
Instructional L eadership and  A cadem ic
and
S ara  A. Beach, Ph.D., Assistant Professor, 
Instructional Leadership and A cadem ic
College of Education 
University of Oklahom a 
Phone: 325-1498
The principal investigator is a  Doctoral studen t at the  University of 
Oklahom a who is studying science education in the D epartm ent of 
Instructional L eadership and Academ ic Curriculum. Her research  
in terest c en te rs  on how childrens’ conceptual understanding 
develops within th e  learning cycle and how that understanding is 
m ediated by th e  studen ts’ cooperative learning groups.
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T he study will take place in your child’s  regular sc ience  classroom . 
T he study will include one two week science unit. Normal 
instruction will continue during the  unit. In addition, severa l 
concept m apping activities will be added to  the usual classroom  
routine. A concept m ap is a  graphic representation of the  main ideas 
of the  learning unit and is a  com ponent of the normal instruction in 
your child’s  classroom  activities. Your child will be  observed  and 
both audio and video taped a s  he/she en g ag es in normal science 
instruction. H e/she m ay also participate in an interview with the 
principal investigator at the conclusion of th e  sc ience  unit. 
O bservations and  interviews will not disrupt normal classroom  
in s tru c tio n .
T he  result of all interview, observation, and  concept m apping 
activities will be kept confidential and will not be  u sed  by th e  
school district for evaluating the  child’s learning. As soon  a s  your 
child’s  concep t m apping activities are  collected their nam e will be 
rem oved and  replaced by the investigator with a  code num ber. Only 
th e  investigator and  the  faculty advisors will have a c c e s s  to  the 
identifying data . Any publications resulting from the  study will use  
pseudonym s for the  study’s  participants.
S ince d a ta  collection involves commonly accep ted  practices, there 
should be no potential risk to the  children. Potential benefits 
include an  increased  understanding of children’s  conceptual 
developm ent in middle school science, specifically how their 
conceptual understanding develops during learning cycle instruction.
If you choose to volunteer your child for th e  study, p lease  sign and 
return th is form. If you choose to decline, there  will be no penalty 
for your child. Furthermore, should you choose to participate, you or 
your child can refuse to answ er any question at any time, or can 
totally withdraw from th e  study at any tim e without any penalty.
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T his is to  certify tha t I,.
(print full nam e) 
hereby give permission to have my child or legal ward,
(print child 's full nam e)
to participate a s  a  volunteer in a  study a s  part of an  authorized 
resea rch  program of the  University of Oklahoma under the  
supervision of Lisa J. McWhirter, Doctoral Candidate. I understand  
that my chid or ward can refuse to answ er any question a t any tim e 
or can  totally withdraw from the study without any problem.
D ate P aren t/G uard ian  S igna tu re
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Student Consent Form
To the Student,
The study that will be conducted In your sc ience  classroom  is 
being done to help educators to have a  better understanding of how 
students your ag e  learn about science. My nam e is Lisa McWhirter 
and  I am also a  student. I attend the University of Oklahom a and this 
study is part of my work a s  a  Doctoral Candidate in the  D epartm ent 
of Instructional Leadership and Academic Curriculum in th e  
University's College of Education.
The study will take  place in your regular sc ience  c la ss  during 
one  learning cycle unit. During the study you will do the  learning 
cycle a s  you normally do in class. In addition you will do several 
concept m apping activities. A concept m ap is a  picture or diagram  
of the  main ideas you know about a  subject. During the  study I will
be  observing you in the  classroom  and taking no tes about th e
classroom  activities. You will also be audio and video tap ed  during 
c lass . This will help m e rem em ber what has happened  during class.
I will also intenriew you at th e  end of the sc ience  unit. T he study 
will not disrupt your normal classroom  activities.
All of th e  information collected during th e  study including my 
observations, the  concept m aps, and interviews will not b e  used  by 
your teacher and will not affect your c lass grade. As soon  a s  you 
turn your p apers in I will rem ove your nam e and replace it with a  
code number. Only my university teachers and I will have a c c e ss  to 
th e  identifying data . Any p apers that I may write resulting from th e  
study will u se  not u se  your real name.
If you would like to volunteer to take part in this study p lease  
sign the  form below. If you decide to not volunteer it will not be 
held against you in any way. If you decide to volunteer you can 
refuse to answ er any question a t anytime, or you can  withdraw from
the  study at anytime.
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I, _____________________________ volunteer to be  a  part of the  study
(print your name)
on sc ience  learning. __________________________ ________________
Student Signature Date
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Appendix E 
Lab Sheets
142
TEACHER S GUIDE : INVESTIGATION 15
CONCEPT: THE REPEATED PROCESS OF EVAPORATION. 
CONDENSATION, AND PRECIPITATION IS CALLED THE WATER 
CYCLE.
EQUIPMENT LIST: 
per student
1 metiic ruler 
per group
1 small glass or plastic container (test tubes or 
medicine bottles work well)
1 working ecosystem model
1 piece of plastic wrap 
per class -
pitcher 
turkey baster 
food coloring
2 lamps
field with a variety of organisms; pond or creek 
if possible
OBJECTIVES:
At the end of diis unit, die student should be able to:
-observe and discuss the presence of condensation.
•construct a working model of a water cycle.
-conclude the presence of water vapor in the air. 
-hypothesize that the repeated process o f 
evaporation, condensation, and precipitation 
is called the water cycle.
-recognize evidence of interaction between water 
and organisms on the school grounds.
-invent a system to recycle water.
-compare water cycle to ecosystem to water cycle 
outside the classroom.
-experiment with evaporation and condensation.
VOCABULARY
PRECIPITATION- the depositing of moisture in the form 
of snow, rain, sleet, etc..
WATER CYCLE- the repeated process o f evaporation, 
condensation, and precipitation.
EVAPORATION- change from a liquid to a gas.
CONDENSATION- change from a gas to a liquid.
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TEACHER’S GUIDE : INVESTIGATION 15
EXPLORATION: PART A
EQUIPMENT:
per student
1 small glass or plastic container
per class
1 pitcher ice water 
food coloring
PROCEDURE:
This activity will serve primarily as a  review of die concepts in 
Investigation 4. If the students did not complete Investigation 4, be 
sure that you introduce die term condensation during diis 
exploration. You may also want to allow die students time to 
explore the process of evaporation.
1. Add food coloring to your pitcher o f water. This may prevent a 
student from diinking that die water "seeped" dirough Ae glass jar. 
Give each child a container.
H ll Ae container about half-full o f ice water using Ae turkey 
baster. Make sure Ae water is very cold. Students Aould observe 
water condensing on Ae outside of Ae container. (This activity 
works best in a warm classroom.) Have Ae students draw a model of 
what Aey observed.
2. Have Ac students answer Ae questions.
SUGGESTIONS FOR DISCUSSION:
Review Ae fact Aat when warm air hits a cold surface Ae water 
vapor in Ae air will condense on Ae cold surface.
Discuss Ae fact that Ae water had to come &om Ae room.
W hy does Ac water condense below Ae water level and not above?
Why do you think we used colored water?
Brainstorm ideas which explain Ae source of Ae water on Ae 
outside of Ae jar.
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TEACHER'S GUIDE : INVESTIGATION 15
EXPLORATION: PART B
EQUIPMENT: 
per group
I working ecosystem model in container
1 piece of plastic wrap
per class
2 lamps
PROCEDURE:
1. Observe the water level in the groups' ecosystem model and the class 
aquarium, if you have one, for evidence of evaporation. The residue 
left on the sides of the container should help prove diat the water 
evaporates and leaves minerals. Remind ± e  students about die 
activities from  Investigation #4. Generate a list o f die liquids 
investigated and the rates at which they evqiorated.
2. Be certain to question the students about how diey might contain the 
moisture inside their ecosystem models. Plastic wrap t ^ d  down 
works well. Proceed with watering die models and securing plastic 
wrap over them. Be open to other ideas for covering the containers 
that the students might create. Be sure the lids on the ecosystem 
containers are covered dghdy. Place the containers so that one end 
of the container is nearer to the light than die other. Do not use 
overhead fluorescent lamps for this exploration. Incandescent lamps 
will provide the best source of heaL
3. Have your students draw a model of dieir ecosystem container 
including the position of the light source. This will provide a good 
reference tool when they are asked which side was nearer die light. 
Students should see moisture on the sides or top of dieir container.
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TEACHER’S GUIDE : INVESTÎGA’nON 15
EXPLORATION: PART B (continued)
4&5. The majority of the condensed moisture will be located on the 
side of 6 e  container opposite from the ligh t
6&7. Discuss 6 a t the moisture came from Ae soil, pond, plants, and
animals in Ae container. The water e v ir a te d  from Aese sources. 
Point out however, that this water was Ae water Aey put in A e 
system. New water was not made, simply recycled.
SUGGESTIONS FOR DISCUSSION:
Discuss wiA Ae students Ae temperature difference.
Ask Aem which side of Ae container was coolest.
Ask Aem from where Ae water could have evaporated.
L ist Aese possibilities on Ae chalkboard. They should include A e 
soil, "pond”(if Aey have a "pond" in Aeir system), plants, and 
animals.
Select a few students to draw Aeir models o f what happened 
overnight, on Ae board.
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TEACHER’S GUIDE : INVESTIGA’nON 15
CONCEPTUAL INVENTION - THE IDEA
SUGGESTIONS FOR DISCUSSION:
1. Discuss with your students that heat is a factor in the evaporation of 
liquids. Ask students to provide examples of evaporation. Include in 
your discussion the fact that the students have observed the water 
level in an aquarium go down, and 6 a t they know that water which 
is spilled on 6 e  floor will disappear.
2. Discuss ± at liquids change into water vapor in the process of 
evaporation. You might ask why you can't see the water evaporate.
3. Discuss that the cooling of the air around die jar of cold water causes 
water drops to form. Ask for examples o f when students have 
observed water condense.
4. Ask the students what happens to the water in the ground after a 
rainstorm. Have them name variables that might xdfect how fast the 
water will evaporate. Compare drawings of students' examples. Be 
sure to have them label each part of die diagram. For example:
5. Discuss that water is constantly being cycled from the atmosphere 
to the lakes, streams, and oceans. Evaporation returns it to the air. 
In the air, the water condenses. It falls to eardi as rain, snow, sleet, 
or hail. These are examples of precipitation.
6. Be flexible in accepting student answers, as long as they're 
reasonable.
7. Compile a class list of answers from question #6 on the board. 
Summarize the list and guide the students to the concept
CONCEPT: THE REPEATED PROCESS OF EVAPORATION, 
CONDENSATION, AND PRECIPITAHON IS CALLED THE 
WATER CYCLE.
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TEACHER'S GUIDE : JNVESTTGA'nON 15
EXPANSION OF THE IDEA: PART A 
EQUIPMENT: 
per class
field with a variety o f organisms, pond or creek if possible
PROCEDURE:
Review with your class the idea of water cycle.
Explain that the following activities will expand iqwn tiiat idea.
1. You will need an area preferably witii a variety of organisms.
Include a pond if possible. You might want to give an example 
before beginning. For instance, you might break a berry, the inside 
o f it is moist. & plain tiiat the moisture inside indicates Âat die plant 
had to take in water. Be sure to accept any answer wititin reason. 
After students have completed the table discuss their findings.
SUGGESTIONS FOR DISCUSSION:
Make a class chart on the board similar to the one in tiieir handout
Have students predict how pollution might affect the organisms on 
their chart, after the discussion. As students will be studying 
pollution in later lessons, accept any predictions. Do not press for n 
"right" answer.
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TEACHER’S GUIDE : INVESTIGA’nON 15
EXPANSION OF THE IDEA: PARTE 
PROCEDURE:
1-4. Review observations taken on Table 15-1. Have students 
complete the questions on Part B.
SUGGESnONS FOR DISCUSSION:
Discuss their answers.
Ask students to come up with any o±er examples of when they have 
observed water condense, like breaking on a mirror or a window.
To further the discussion, draw a schematic diagram of the water 
cycle on the chalkboard and discuss its circular, never-ending 
pattern.
Discuss drat plants do not make water, Aey simply let out water that 
they take itL Even a  cactus does not "make water." It stores udiat it 
has take in.
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TEACHER’S GUIDE ; INVESTIGATION 15
EXPANSION OF THE IDEA; PARTC
EQUIPMENT:
per student 
1 ruler
PROCEDURE:
1-3. After reading the directions ask students whether they have house 
plants at home. If dieir family were to go on a two week vacation 
and no one could water die plants, how would diey deal widi it? 
Remind diem that diey have been studying about die water cycle. 
Have diem draw a model of what diey would design to keep die 
plants watered. Explain that diey may use any common household 
items. Allow plen^ o f time for interacting and drawing.
SUGGESTIONS FOR DISCUSSION:
Ask several students to draw dieir model on die board.
Allow students to explain dieir models to  die class.
Explain diat they may use any common household items. Allow 
plenty of time for interacting.
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Inv. 15 Name________________________Date__[_________ Hr.______
EXPLORATION: PART A
1. Observe carefully as your teacher pours cold water in a container. 
W hat do you observe happening on die outside of the container?
2. Draw a model of what you observed.
3. W hat caused the condensation on die sides o f the container?
4. From where did this water on the sides come?
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Inv. 15 Name_______________________ Date____________ Hr..______
EXPLORATION: PARTE
1. Observe the water level in your ecosystem model and the class
aquarium for evidence of evs^ration. Record your observations.
2. Cover your ecosystem with plastic wrap.
3. Draw and label a model of your group ecosystem container which 
includes the position of the light source.
4. Place your ecosystem model near a lamp or windo w. Leave
overnight.
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Inv. 15 Name_______________________ Date____________ Hr.________
EXPLORATION: PART B (continued)
THE NEXT DAY-
5. Observe the sides and top of your container carefully. Record your 
observations.
6. One side of your container was nearer die light dian die other side. 
W hat difference do you observe in die amount of water you find on 
the sides of the container?
7. Why do you think this happened?
8. From where did the moisture diat condensed on the sides of your 
container come?
9. Draw and label the model of what happened overnight
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Inv. 15 Name_______________________ Date_______  H r.
THE IDEA
1. When diere is rain, water soaks the ground. Puddles form in the mud 
and on the sidewalks. A few days later the ground and sidewalks are 
dry. Draw a model to explain what is happening. Label 
evaporation, condensation and precipitation.
2. Explain what causes water to evaporate.
3. W hen water evaporates, where does the water go?
4. W hat causes water vapor in die air to condense?
5. How does water in your ecosystem relate to water in a pond?
6. From your data, what conclusions can you make about what happens
to  the repeated process of water in nature?
7. W hat idea about the water process did your class invent?
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Inv. 15 Name_ Date. -Hr._
EXPANSION o r  THE IDEA: PART A 
W hat was the idea your class invented?
1 . You have been studying the water cycle. Collect evidence of 
interactions between water and organisms around your school 
grounds. List below in TABLE 15-1.
TABLE 15-1
ORGANISM EVIDENCE OF INTERACTION 
WITH WATER
2. W hat do you predict would happen if these organisms did not receive 
clean water?
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Inv. 15 Name_______________________ Date________  Hr. ______
EXPANSION OF THE IDEA: PART B
1. You have probably seen dew appear on âie grass in the moming. By
noon die (kw is usually gone. W hat causes die dew to be gone?
If you go outside on a veiy cold morning you will sometimes see 
"smoke" come out when you exhale. This is not smoke, however, 
diat is going into die air. Explain what the smoke is.
3. You may have seen the moisture diat forms on the insides of
windows on winter mornings. W hat causes die moisture to condense 
in the winter but not in die summer?
4. When you go outside in die morning water appears on plants. 
Some people claim that plants can "make water". Explain what 
causes the water on the plants.
156
Inv. 15 Name_______________________ Date___________ _Hr..
EXPANSION OF THE IDEA: PARTC
1. Imagine that your family is going on a two week vacation. Your 
brother, who loves plants, is worried Aat A e twelve potted plants in 
his bedroom will Ae. No one will be available to water Aem. Using 
your knowledge of Ae water cycle, draw a model below of what you 
could build to help him care for his plants. You may use any 
common household items. Remember Aat plants also need light and 
will Ae if Aey are over watered.
2. Label your model.
3. Explain your model in relation to Ae water cycle.
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Appendix F 
Student Scores
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i d g e n d e r e t h n i c c l a s s t e s t l t e s t 2 t e s t  31 0 1 .0 0 1 . 0 0 1 00 1 .0 0 1 7 . 0 0 17 .00 7 001 0 2 .0 0 2 . 0 0 1 00 1 .0 0 7 . 0 0 11 .00 15 001 0 3 . 0 0 2 . 0 0 1 po 1 .0 0 1 7 . 0 0 19 .00 1 7 . 0 01 0 4 . 0 0 2 . 0 0 1 00 1 .0 0 1 8 . 0 0 15 .00 1 6 . 0 0
. 1 0 5 . 0 0 1 . 0 0 1 pp 1 .0 0 1 3 .0 0 17 .00 1 3 . 0 0
--JOÇ-OQ , 1 , 9 9 1 pp 1 .0 0 1 6 .0 0 18 .00 1 8 . 0 0
1 0 7 . 0 0 2 . 0 0 1 00 1 . 0 0 1 0 . 0 0 16 .0 0 1 3 . 0 0
1 0 8 . 0 0 1 . 0 0 1 00 1 .0 0 8 . 0 0 18. 00 8 . 0 0
1 0 9 . 0 0 2 . 0 0 4 00 1 .0 0 1 0 .0 0 17 .00 1 7 . 0 0
1 1 0 . 0 0 2 . 0 0 1 00 1 .0 0 1 2 . 0 0 13 .00 1 7 . 0 0
1 1 1 .0 0 1 . 0 0 1 pp 1 .0 0 1 6 .0 0 2 0 .0 0 1 6 . 0 0
1 1 2 .0 0 2 . 0 0 1 pp 1 .0 0 1 8 .0 0 19 .00 1 8 . 0 0
1 1 3 . 0 0 1 . 0 0 1 00 1 .0 0 1 0 . 0 0 16 .00 2 . 0 0
1 1 4 . 0 0 1 . 0 0 1 00 1 .0 0 1 9 .0 0 18 .00 1 7 . 0 0
1 1 5 . 0 0 2 . 0 0 1 00 1 .0 0 1 5 .0 0 19 .00 1 6 . 0 0
1 1 6 . 0 0 1 . 0 0 5 00 1 .0 0 1 6 . 0 0 18 .00 1 3 . 0 0
1 1 7 . 0 0 1 . 0 0 4 pp 1 .0 0 1 5 .0 0 19 .00 1 8 . 0 0
1 1 8 . 0 0 2 . 0 0 3 pp 1 .0 0 1 3 .0 0 18 .00 1 5 . 0 0
1 1 9 . 0 0 1 . 0 0 1 00 1 .0 0 8 . 0 0 9 .00 7 . 0 0
1 2 0 . 0 0 2 . 0 0 1 00 1 . 0 0 1 7 . 0 0 19 .00 1 7 . 0 0
1 2 1 . 0 0 2 . 0 0 5 00 1 .0 0 1 1 .0 0 18 .00 1 4 . 0 0
1 2 2 . 0 0 1 . 0 0 1 00 1 .0 0 1 1 .0 0 17 .00 1 5 . 0 0
2 . 0 0 1 pp 1 .00 1 4 .0 0 15 .0 0 1 9 . 0 0
.. 2 2 4 . 0 0 1 . 0 0 5 pp 2 . 0 0 9 . 0 0 18 .00 1 2 . 0 0
2 2 5 . 0 0 2 . 0 0 1 00 2 . 0 0 1 8 .0 0 2 0 .0 0 1 9 . 0 0
2 2 6 . 0 0 2 . 0 0 1 00 2 . 0 0 1 2 .0 0 16 .00 1 9 . 0 0
2 2 7 . 0 0 1 - 0 0 1 00 2 . 0 0 1 1 .0 0 15.00 1 5 . 0 0
2 2 8 . 0 0 2 . 0 0 1 00 2 . 0 0 1 7 .0 0 19 .00 1 8 . 0 0
2 2 9 . 0 0 _ _ _ _ 1 - 9 9 1 pp 2 . 0 0 1 6 .0 0 15. 00 1 9 .0 0
_ _2 ,? 9 - ,9 9 1 . 0 0 1 pp 2 . 0 0 1 0 .0 0 16.00 1 0 .0 0
2 3 1 . 0 0 2 . 0 0 1 po 2 . 0 0 1 4 .0 0 17.00 1 6 .0 0
2 3 2 . 0 0 2 . 0 0 1 00 2 . 0 0 1 3 .0 0 19 .00 1 5 .0 0
2 3 3 . 0 0 2 . 0 0 1 00 2 . 0 0 1 9 . 0 0 20 .0 0 1 8 . 0 0
2 3 4 . 0 0 1 . 0 0 1 00 2 . 0 0 1 3 .0 0 17.00 1 4 .0 0
2 3 5 . 0 0 2 . 0 0 1 pp 2 . 0 0 1 2 .0 0 12.00 8 .0 0
2 3 6 . 0 0 1 . 0 0 1 pp 2 . 0 0 1 3 .0 0 15. 00 1 5 . 0 0
2 3 7 . 0 0 1 . 0 0 1 00 2 . 0 0 8 . 0 0 16 .00 1 1 .0 0
2 3 8 . 0 0 2 . 0 0 1 00 2 . 0 0 1 4 .0 0 15. 00 1 5 .0 0
2 3 9 . 0 0 1 . 0 0 1 00 2 . 0 0 1 2 .0 0 14 .00 1 2 .0 0
2 4 0 . 0 0 1 . 0 0 5 00 2 . 0 0 9 . 0 0 11 .00 1 3 .0 0
2 4 1 . 0 0 , ,2 .99 1 pp 2 . 0 0 1 5 .0 0 19.00 17. 00
2 4 2 . 0 0 . . 1 .0 0 1 pp 2 . 0 0 7 . 0 0 13.00 1 2 .0 0
2 4 3 . 0 0 1 . 0 0 1 00 2 . 0 0 1 3 .0 0 13 .00 1 0 .0 0
2 4 4 . 0 0 1 . 0 0 1 00 2 . 0 0 1 8 .0 0 18 .00 1 8 .0 0
2 4 5 . 0 0 2 . 0 0 1 00 2 . 0 0 1 3 .0 0 18 .00 1 6 .0 0
2 4 6 . 0 0 2 . 0 0 1 00 2 . 0 0 1 8 .0 0 18 .00 1 8 .0 0
2 4 7 . 0 0 2 . 0 0 5 pp 2 . 0 0 1 7 .0 0 19 .00 16. 00
2 4 8 . 0 0 1 . 0 0 1 pp 2 . 0 0 1 2 .0 0 19 .00 ---- 1 9 -9 9
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L  m ap l map2 map3 map4 maps1 1 . 0 0 8.00 8 . 0 0 1 0 .0 0 11 002 1 . 0 0 2 .0 0 6 . 0 0 6 . 0 0 6 00j 3 . 0 0 6 .00 9 . 0 0 9 . 0 0 9 .004 1 . 0 0 4.00 8 . 0 0 8 . 0 0 7 . 0 0b 8.00 8 . 0 0 1 0 .0 0 8 .006 - l - Ç P 6 .00 ... 9 . 0 0 1 0 .0 0 7 .007 1 . 0 0 7 .0 0 5 .0 0 9 . 0 0 3 .00W .00 5.00 5 . 0 0 4 . 0 0 4 .0 0
y 3 . 0 0 9.00 8 . 0 0 1 1 .0 0 9 .00
i ü . 00 5.00 7 . 0 0 7 . 0 0 6 .00i l 8.00 10 .0 0 1 0 . 0 0 8 .00
12 1 . 0 0 6.00 7 . 0 0 1 2 .0 0 12 .00
13 1 . 0 0 6 .00 6 . 0 0 8 . 0 0 2 .0 0
14 1 . 0 0 6.00 8 . 0 0 8 . 0 0 6 .0 0
15 3 . 0 0 7 .0 0 7 . 0 0 7 . 0 0 4 .0 0
16 2 . 0 0 7 .0 0 5 .0 0 1 0 .0 0 2 .0 0
17 - 7 . 0 0 11.00 9 .0 0 . 1 1 .0 0 9 .0 0
IB . 00 6.00 6 .0 0 8 . 0 0 4 .0 0
19 1 . 0 0 6.00 1 .0 0 1 1 .0 0 2 .0 0
2U 4 . 0 0 7 .0 0 9 .0 0 1 1 .0 0 10 .00
21 1 . 0 0 4 .00 5 .0 0 1 0 .0 0 10 .00
22 1 . 0 0 8 .00 6 .0 0 1 1 . 0 0 10 .00
23 _____ 5.00 8 .0 0 . 1 5 . 0 0 9 .00
24 _____ 3 , 0 9 7.00 4 . 0 0 7 . 0 0 4 .00
2 b 1 . 0 0 6 .00 6 .0 0 1 1 . 0 0 9 .00
26 1 . 0 0 6 .00 6 .0 0 9 . 0 0 7 .00
27 . 00 1.00 7 . 0 0 7 . 0 0 4 .00
2B 2 . 0 0 7 .0 0 5 .0 0 7 . 0 0 4 .0 0
29 .00 .00 3 .0 0 4 . 0 0 .1 .00
3U 1-9 9 1.00 . 8 .0 0 1 1 .0 0 10 .00
31 2 . 0 0 4 .00 9 .0 0 6 . 0 0 .00
32 .00 6.00 8 .0 0 7 . 0 0 6 .00
33 8 . 0 0 5.00 9 .0 0 9 . 0 0 9.00
34 .00 4 .00 6 .0 0 6 . 0 0 6.00
35 1 . 0 0 5.00 5 .0 0 5 . 0 0 6.00
36 1 . 0 0 6.00 _ . 3 . 0 0 6 . 0 0 .00
37 1 . 0 0 4 .0 0 2 . 0 0 2 . 0 0 1 .00
38 1 . 0 0 3.00 6 .0 0 7 . 0 0 1.00
39 1 . 0 0 3 .00 7 . 0 0 4 . 0 0 6.00
4U .00 4 .0 0 5 .0 0 6 . 0 0 6.00
41 1 . 0 0 8 .00 6 . 0 0 6 . 0 0 5.00
42 ,._-.99 1.00 1 .00 1 . 0 0 1.00
43 .00 7 .0 0 7 . 0 0 1 0 .0 0 5 .00
44 1 . 0 0 7 .0 0 10 .00 1 2 .0 0 7 .0 0
4b 1 . 0 0 6 .00 4 . 0 0 9 . 0 0 8 .0 0
46 .00 .00 .00 3 . 0 0 .0047 4 . 0 0 ___ 11.00 11 .00 1 3 .0 0 9 .0048 1 . 0 0 9 .9 9 _.9.,.99_ ____ 3,„.99 7 ,9 9
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Appendix G 
Summary of P hases
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Exploration Phase
Pretest concept maps where constructed prior to the start 
of the investigation.
Before the class began the exploration phase of the cycle 
the teacher lead a discussion about previous related 
investigations.
W ater C ycle: No mention w as m ade of predipitation.
P re c ip ita tio n : No mention w as m ade of precipitation.
E v ap o ra tio n : T he teacher m ade reference to the  term evaporation, 
and  had  s tuden ts  refer to  their notebooks for the  definition of 
evaporation that had been  constructed during a  previous 
investigation. Evaporation w as defined in the  students notebooks a s  
th e  p ro cess  of turning a  liquid, water, to a  gas. This definition w as 
s ta ted  by th e  studen ts and then  by the tea ch e r during this 
d iscussion. A student also mentioned tha t heat w as required for the  
p rocess to occur, and this was restated by th e  teacher. T he teach er 
a lso  sta ted  tha t the  gas formed by evaporation is called steam .
C o n d e n sa tio n : The teacher m ade reference to  the  term  condensation, 
and  had stu d en ts  refer to their notebooks for the definition of 
condensation  that had been constructed during a  previous 
investigation. Condensation w as referred to  a s  the  “opposite of 
evaporation, when w ater a s  a  gas in the air is changed back into a  
liquid” and a s  “w ater droplets in the air”. T he teacher also noted 
tha t condensation is caused  by a  change in tem perature. During this 
d iscussion  studen ts m ade reference to the  condensation that forms 
on the  outside of a g lass and also made the comm ent that 
condensation  leads to  rain.
Part A of the exploration phase involved the observation of 
a beaker filled with red colored ice water and the
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condensation on the sides of the beaker.
W ater cycle: During the  exploration observation a  studen t m entioned 
th a t condensation w as part of the w ater cycle.
P re c ip ita tio n : No mention w as m ade of precipitation during this part 
of the  investigation.
E v ap o ra tio n : No mention w as m ade of precipitation during this 
o b se rv a tio n .
C ondensation : S tudents identified the  w ater droplets on the sides
of the  beaker a s  condensation. They again m entioned tha t the 
condensation  w as caused  by the  tem perature change occurring when 
the  cold beaker met the  warmer air. One m em ber of th e  group 
s ta ted  that th e  condensation w as a  result of w ater droplets in the  
air. However, Becky sta ted  that sh e  believed that the  condensation 
on the  outside of th e  beaker w as a  condensation of w ater that had 
evaporated  from th e  inside of the beaker.
The teacher facilitated a discussion at the conclusion of 
the small group observation.
W ater cvcle: No mention w as made of the w ater cycle during the 
d isc u ss io n .
Precipitation: No m ention w as m ade of precipitation during the 
d isc u ss io n .
E v ap o ra tio n : During the discussion of the  observation studen ts
m entioned that evaporation is caused  by heat and leads to  
condensation. S tuden ts m entioned that the w ater in g a s  form in the 
air is call humidity. This w as also restated  by the  teacher.
C o n d e n sa tio n : T he teach e r facilitated classroom  discussion again 
identified the  droplets on the  side of the beaker a s  condensation.
Both studen ts  and teach er referring to the  condensation  a s  being a
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result of a  tem perature change which caused  the gas or w ater 
m olecules in the  air to change into liquid droplets. However, during 
the  d iscussion  several studen ts s ta ted  Becky’s  belief that the  
condensation on the  outside of the beaker w as a  condensation of 
w ater tha t had evaporated from the  inside of the  beaker rather than 
from existing w ater vapor in the  air. In an effort to clarify this 
point th e  teach er referred to  the red color of the  w ater in the  beaker 
and ask ed  studen ts to identify the  color of the  condensation. This 
point w as m ade so  studen ts would realize the  condensation w as not 
red and  w as therefore not from the dyed w ater in the beaker.
Within the  focal group however, Kevin voiced an alternate  theory 
that “th e  red dye in the w ater was similar to  salt in the  ocean, and 
just like ocean  w ater can evaporate and  leave the heavier salt 
behind, the  w ater in the beaker evaporated and  left th e  heavier red 
dye behind.” S ince the teacher did not hear this comm ent sh e  did not 
a d d re ss  the  theory in the  c lass discussion.
During Part B of the exploration phase students set up and 
observed a classroom ecosystem model which consisted of 
a terrarium filled with 7 cm. of water covered with plastic 
wrap. A heat lamp was placed at one end of the terrarium 
and the system was left overnight. The next day the small 
groups observed the ecosystem and noted the water level 
was 6.8 cm., and that there was condensation on the inside 
surface of the plastic wrap on the end away from the heat 
lamp.
W ater C ycle: T he small group did not mention the w ater cycle during 
this part of th e  investigation.
P re c ip ita tio n : No mention of precipitation w as m ade by the  small 
group.
E vaporation  : O ne student mentioned that evaporation w as caused  by 
heat.
C o n d e n sa tio n : During the  small group observation a  focal student
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sta ted  that th e  condensation cam e from gas in the  air. The 
condensation  w as also referred to a s  moisture.
The teacher again facilitated a discussion at the 
conclusion of the small group observation.
W ater Cvcle: During this d iscussions studen ts sta ted  that th e  w ater 
cycle included precipitation, evaporation, and condensation .
P re c ip ita tio n : S tudents m entioned that rain is precipitation and
tha t precipitation leads to  evaporation.
E v ap o ra tio n : S tudents mentioned that evaporation is caused  by heat.
C o n d e n sa tio n : S tudents referred to condensation a s  being cau sed  by 
tem perature  change. Students also pointed out that the  condensation 
in th e  ecosystem  becam e heavy and fell back down to the bottom of 
th e  terrarium .
Concept maps were constructed by the students at the 
completion of the exploration phase.
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Term Introduction Phase
The term introduction phase began with a small group 
discussion of the idea page.
W ater cvcle: Kevin sta ted  that the w ater cycle includes 
precipitation, evaporation, and  condensation. An unidentified 
studen t also  m entioned that the  w ater cycle is an  everlasting  cycle.
P re c ip ita tio n : No o ther mention w as m ade of precipitation during 
th is part of the  investigation.
E vapo ra tion : Becky m entioned that heat caused  w ater to evaporate .
C ondensation: Becky sta ted  that “coldness” cau se s  w ater vapor to 
condense.
The teacher facilitated a discussion at the conclusion of 
the small group observation.
W ater cycle: The teach e r sta ted  that precipitation, evaporation , and  
condensation  were included in the w ater cycle, which is a  
continuous cycle. S he  than sta ted  that “. . .It runs into s tre am s and 
lakes, rivers and ocean. The sun  causes the w ater to. . .
.(evaporate).” Later in the  discussion a  student s ta ted  th a t 
evaporation, condensation, and  precipitation a re  called th e  w ater 
cycle. A different studen t sta ted  that the w ater cycle never ends.
P re c ip ita tio n : S tudents sta ted  that rain is precipitation. T he 
te a c h e r  s ta ted  tha t precipitation occurs when “w ater m olecu les 
(becom e) heavy and gravity pulls them  down.”
E v ap o ra tio n : During the discussion of the idea page a  studen t
m entioned that evaporation is caused  by heat and leads to  
condensation. The teach e r sta ted  that evaporation is a  liquid turning 
to  a  gas, this w as later repeated by a  student.
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C o n d e n sa tio n : The teach e r sta ted  that condensation w as cau sed
w hen
. . w ater a s  a  gas cooled”. This w as later restated by the  
s tu d en ts  in a  c lass  response. A student also sta ted  that 
condensation  led to  precipitation and that condensation w as a  g as  
changing to a  liquid.
Concept maps were constructed by the students at the 
completion of the term introduction phase.
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Expansion Phase
Part A of the expansion phase began with a teacher 
introduction of the expansion phase of the investigation. 
Students were given a chart with spaces for each student 
to list six organisms and the evidence of the organism’s 
interaction with water. Students were then allowed to 
go outside for this phase of the investigation.
W ater cycle : No mention w as m ade of the w ater cycle during this
part of th e  investigation.
P re c ip ita tio n : No mention w as m ade of precipitation during this
part of th e  investigation.
E v ap o ra tio n : While observing a  bloated dead bird a  student
m entioned that th e  bloating w as a  result of th e  w ater inside the 
bird turning to g as .
C o n d e n sa tio n : No mention was m ade of condensation during this
p a rt of th e  investigation.
The teacher facilitated a discussion after students 
returned to the classroom.
W ater cycle : W hen the teacher asked  “The w ater cycle is the
rep ea ted  p rocess of . . .” students responded “precipitation, 
evaporation, and condensation.” When the teacher ask ed  “W hat 
do
you predict would happen if these  organism s did not receive 
clean w ater?” A student responded that they would die.
P re c ip ita tio n : W hen students were asked “W hat is
precip itation?” S tuden ts responded “rain, sleet, snow , hail.”
E v a p o ra tio n : S tudents stated  that evaporation w as a  liquid
changing to  a g a s  in the presence of heat.
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C o n d e n sa tio n : A students s ta ted  that condensation is a  gas
changing to a  liquid in the p resence  of “coolness.”
Part B of the expansion phase was a small group 
completion of a worksheet page of questions. The 
questions were: (1) You have probably seen dew appear on 
the grass in the morning. By noon the dew is usualiy gone. 
What causes the dew to be gone? (2) If you go outside on 
a very cold morning you will sometimes see'smoke" come 
out when you exhale. This is not smoke, however, that is 
going into the air. Explain what the smoke is. (3) You may 
have seen the moisture that forms on the insides of 
windows on winter mornings. What causes the moisture to 
condense in the winter but not in the summer? (4) When 
you go outside in the morning water appears on piants.
Some people claim that plants can “make water”. Explain 
what causes the water on the plants.
W ater cycle: No mention w as m ade of the  w ater cycle during this
part of the  investigation.
P re c ip ita tio n : No mention w as made of precipitation during this
pa rt of the  investigation.
E v ap o ra tio n : During this small group discussion of w hat happens to
dew  a  student sta ted  that evaporation w as when w ater turns to g as  
in th e  p resence  of heat.
C o n d e n sa tio n : During the discussion of what the “sm oke” on your
breath  is a  student sa id  it w as the  “steam ” coming from the  
“h o tn ess” of your breath. That it is the “hot of your breath and the  
cold air mixing together”. Tem perature change effects on 
condensation  were a lso  m entioned in the discussion of the  question 
concerning m oisture on windows.
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The teacher facilitated a discussion at the conclusion of 
the small group discussion of Part B.
W ater cvcle: No mention w as m ade of the w ater cycle during this
part of th e  investigation.
P re c ip ita tio n : No mention w as m ade of precipitation during this
part of the  investigation.
E v ap o ra tio n : Students sta ted  that evaporation changed w ater to g a s
in the  p resence  of heat. They also sta ted  that this w as th e  cau se  for 
dew on the  plants “to be gone” .
C o n d e n sa tio n : S tudents stated  that dew and  “sm oke” leaving your
mouth a re  condensation of w ater droplets or w ater m olecules in th e  
air. They also sta ted  that th ese  a re  a  result of tem pera tu re  changes.
Part C of the expansion phase was an assignment for 
individual students to use their knowledge of the water 
cycle to construct on paper a self-maintaining system to 
water potted plants. Student 1 was absent and did not 
complete this part of the expansion phase.
W ater cycle: None of th e  focal students m entioned the  w ater cycle
in their m odels.
Precipitation: Van m ade no mention of precipitation. Kevin and Lora
both illustrated and nam ed precipitation a s  a  com ponent of their 
m odel.
E vapora tion : Van and Lora m ade no mention of evaporation. Kevin
illustrated and nam ed evaporation a s  a  com ponent of his model.
C o n d en sa tio n : Kevin m ade no mention of condensation. Van and 
Lora both illustrated and nam ed condensation a s  a  com ponent of 
their m odels.
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The expansion phase concluded with a Bill Nigh video.
W ater cvcle: Precipitation, evaporation and condensation w ere
given and part of a  continuous w ater cycle, it w as also s ta ted  the 
w ater cycle iscleansing, providing the w ater needed  for life. The 
cycle w as a lso  explained as  precipitation going to rivers, lakes, etc., 
which flows in to -o cean s were it evaporates.
P rec ip ita tio n : Rain, Snow, sleet, and hail were given a s  exam ples of
precipitation. It w as also sta ted  that precipitation leads to 
ev ap o ra tio n .
E v a p o ra tio n : Evaporation w as explained a s  heat turning w ater into
g a s  w ere it rises to the  sky and leads to  condensation.
C o n d e n sa tio n : Condensation w as explained a s  a  tem perature change
causing  w ater m olecules or vapor to change from a  g as  to a  liquid. 
This condensation  then  m oves with the  wind, ga thers a s  clouds, 
becom es heavy, and leads to precipitation or rain. Sw eat on the  side 
of a  g lass w as also given a s  an example of condensation.
Concept maps were constructed by the students at the 
completion of the expansion phase and review of the 
Investigation.
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